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To m y  b e a u t i fu l  l i t t l e  g i r l s ,
KIRS TIN LEA N N E AND MARDISS A L IC IA , 
who h av e  g iven  m e  c o n s ta n t  e n c o u r a g e m e n t - 
"D addy , w hen  a r e  you go ing  to  f in ish  th a t  s tu p id  
'd i s h e r t a s h u n '  so  we c a n  go to  D is n e y la n d ? "
an d
to m y  w ife , GW EN D O LY N  D OLORES 
who h a s  b e e n  a  co n tin u in g  in s p i r a t io n  
to  s u c c e e d  in  th is  e n d e a v o r  e v e n  a f t e r  a  vow by m e ,  
te n  y e a r s  ag o , th a t  th is  is  s o m e th in g  th a t  
I w ou ld  n e v e r  w a n t  to do!
The f u l f i l lm e n t  of a  g r a d u a te  e d u c a t io n  is  a  d em an d in g  p r o ­
c e s s  th a t  only th o se  who h a v e  e n d u re d  c a n  fu lly  a p p r e c i a t e .  I a p o l ­
o g ize  to  o u r  f a m i l i e s  and  a l l  o u r  f r i e n d s  who h a v e  b e e n  sh u n te d  a s id e  
w h ile  I h a v e  b e e n  en gaged  in  m y  e d u c a t io n .  I a m  e s p e c ia l l y  s a d ­
d e n ed  th a t  d u r in g  the  d o z en s  of t r i p s  in to  the  M endoc ino  C h a p a r r a l  
I, of n e c e s s i t y ,  cou ld  no t ta k e  the  t im e  to v i s i t  g e n u in e ly  c o m p a s s io n ­
a te  l i f e - lo n g  f r i e n d s :  MR. R U F F  B U R C H  and  h is  w ife , L E  LA, and
M R. LEO  FL O O D . D e sp i te  the  f a c t  th a t  they  a r e  now gone , I s h a l l  
h a v e  m a n y  p le a s a n t  m e m o r i e s  of th e m ,  I w ish  only th a t  I h a d  h ad  
m o r e  o p p o r tu n i ty  to v i s i t  th e m  in t h e i r  w an ing  d a y s .
i i i
A C K N O W LE D G EM EN TS
My in i t i a t io n  to  a c a d e m ic  G e o g ra p h y  o c c u r r e d  in  1958 a t  
C hico  S ta te  C o lle g e ,  C h ico ,  C a l i fo rn ia ,  a t  w h ich  t im e  I w as  in s p i r e d  
by the  s u p e r b  te a c h in g  and  s p i r i t e d  e n th u s i a s m  of D r .  D av id  W. 
L a n t i s .  I t  w as  he who p ro v id e d  m e  w ith  the  i n s p i r a t i o n  f o r  a  c a r e e r  
in  G e o g rap h y .
I a m  e s p e c ia l l y  g r a te f u l  to m y  a d v i s o r .  D r .  J a m e s  M. G o o d ­
m a n  f o r  h i s  w i l l in g n e s s  to  a id  in  the  f o r m u la t io n ,  r e s e a r c h  and  the  
c u lm in a t io n  of th is  d i s s e r t a t i o n  p r o b le m .  He h a s  d e d ic a te d  h is  t im e  
and  e n e r g ie s  to  th is  r e s e a r c h  in  a  m a n n e r  f a r  e x c e e d in g  h is  a c tu a l  
ob lig a tio n ;  f o r  th a t  r e a s o n  I a m  in d e b te d  an d  v e r y  g r a t e f u l  to  h im .
The a s s i s t a n c e  of o th e r s  is  a l s o  g ra te f u l ly  a c k n o w le d g e d .  I 
w is h  to  th a n k  D r .  R a lp h  E .  O lso n , D r .  H a r r y  E .  H oy, D r .  N e lso n  
R. N unnally  an d  D r .  Jo e  B. S c h ie l  f o r  t h e i r  c o n s t r u c t i v e  c r i t i c i s m s .  
D r .  D avid  O tt  (D e p a r tm e n t  of M a th e m a t ic s ,  S o u th e rn  O re g o n  C o lle g e ,  
A sh lan d ,  O re g o n )  h a s  p ro v id e d  m a n y  h o u r s  of h is  t im e  in  a id in g  m e  
in  th is  r e s e a r c h .
A n o te  of s p e c i a l  th an k s  is  d i r e c t e d  to  M r .  Ray C ra n e  and 
the  B o a rd  of D i r e c t o r s  of C ra n e  M il l s ,  C o rn in g ,  C a l i f o r n ia .  I t  w ould
I V
h a v e  b e e n  v i r tu a l ly  im p o s s ib le  to  h av e  en g ag ed  in  the  f ie ld  r e s e a r c h  
n e c e s s i t a t e d  by th is  p r o b le m  w ith o u t  the  f in a n c ia l  a s s i s t a n c e  p ro v id e d  
by  C ra n e  M il ls .  I hope  e v e n tu a l ly  th a t  th is  e n d e a v o r  w i l l  y ie ld  a 
d iv id en d  to  C ra n e  M il ls .
I a m  g r a te f u l  to  o u r  f a m i l i e s  who h av e  l e n t  lo g i s t i c a l  and  
f in a n c ia l  s u p p o r t .  W ithout th e m  th is  r e s e a r c h  cou ld  no t h a v e  b een  
c o m p le te d .  I a m  im m e n s e ly  p ro u d  of m y  f a th e r ,  K en n e th  C u r r a n ,  
f o r  h is  a b i l i ty  to  " je e p  jo c k y "  on e x c e p t io n a l ly  s te e p  g ro u n d  in  h is  78th 
y e a r  and  of m y  m o th e r ,  E l iz a b e th  A. f o r  l e t t in g  h im  do i t!  I a l s o  
th a n k  G w en 's  p a r e n t s ,  Q u in ton  C. and  M elb a  T. B a i le y ,  f o r  p r o v id ­
ing m o r a l  and  f in a n c ia l  a s s i s t a n c e , a n d  to  E a r l e  G. and  R a c h e l  A. 
C u r r a n  f o r  the  uSe of t h e i r  p ick u p  c a m p e r  d u r in g  a  v e r y  c r u c i a l  
p e r io d .
I th an k  s tu d e n t s ,  M r .  Ray Cook f o r  a id in g  m e  in  f ie ld  r e ­
s e a r c h  an d  M r .  R ic h a r d  B ox  f o r  h is  t a le n t s  in  d r a f t in g  s o m e  of the 
d i a g r a m s  in  th is  s tu d y .  A no te  of a p p r e c ia t io n  iS’ in  o r d e r  fo r  the 
A d m in i s t r a t io n  a t  S o u th e rn  O re g o n  C o lle g e ,  A sh la n d ,  O re g o n ,  fo r  
t h e i r  c o o p e ra t io n .
F in a l ly ,  I a m  in d e e d  p le a s e d  th a t  th is  h a s  b e e n  a  fa m i ly  e n ­
d e a v o r .  I t h a s  b e e n  one in  w h ic h  G w endo lyn  D. h a s  a id e d  m e  t r e ­
m e n d o u s ly  w ith  h e r  c o n s ta n t  e n c o u r a g e m e n t  to  s u c c e e d  in  th is  ta s k .  
H e r  c o m m e n ts  on  the  m a n u s c r i p t ,  and  h e r  a id  w ith  the m e c h a n ic a l  
a s p e c t s  in  the  p r e p a r a t i o n  of th is  d i s s e r t a t i o n  h a v e  b e e n  e x t r e m e ly  
h e lp fu l .
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A B S T R A C T
T H E  M ENDOCINO C H A P A R R A L  
A P R O B L E M  IN R E SO U R C E  M A N A G E M EN T
In n o r t h e r n  C a l i fo rn ia ,  the  M en d o c in o  N a tio n a l  F o r e s t  i s  c o m ­
p r i s e d  of f o r e s t  la n d s  an d  c h a p a r r a l  b r u s h .  T h e s e  b r u s h f i e ld s ,  
know n as  th e  M en d o c in o  C h a p a r r a l ,  a r e  a  s m a l l  p o r t i o n  of C a l i f o r n ia 's  
c h a p a r r a l  v e g e ta t io n .  P r e s e n t l y ,  t h e r e  is  no m a n a g e m e n t  p la n  f o r
c h a p a r r a l  b r u s h l a n d s .  The M en d o c in o  C h a p a r r a l  lo c a te d  a long  the  
e a s t e r n  f a c e  of the  C o a s t  R ange m o u n ta in s  w as  s e l e c t e d  f o r  r e s e a r c h  
s tudy  in  the  h ope  of d e v e lo p in g  a p p l ic a b le  la n d  m a n a g e m e n t  te c h n iq u e s .
It is  ho p ed  th a t  a s  a  r e s u l t  of r e s o u r c e  m a n a g e m e n t  p lan n in g  the  M en ­
do c in o  C h a p a r r a l  w i l l  b e c o m e  a  v ia b le  r e s o u r c e .
The M en d o c in o  C h a p a r r a l  h a s  a  p o te n t ia l  f o r  h a z a r d o u s  w i ld ­
f i r e .  R a m p a n t  w i ld f i r e s  r e s u l t  in  d e t e r i o r a t i o n  of w a t e r  and  w ild l ife  
r e s o u r c e s ,  in  a c c e l e r a t i o n  of d o w n slo p e  m o v e m e n t  of e a r t h  s u r f a c e  
m a t e r i a l s  an d  in  t r a n s m i s s i o n  of w i ld f i r e  in to  a d ja c e n t  c o n ife ro u s  
f o r e s t s .
The n a tu r e  of the M endoc ino  C h a p a r r a l  is  a s s e s s e d  a s  a  f u n c ­
t io n  of a  m ix  of e n v i r o n m e n ta l  f a c t o r s  th a t  in f lu en c e  fu e l  v o lu m e  in
x i
a  t e m p o r a l  and  s p a t i a l  con tex t .  A g e n e r a l  l i n e a r  m o d e l  h a s  b e e n  
u t i l iz e d  to  a n a ly z e  the  in f lu en ce  of t im e  s in ce  w i ld f i r e  b u rn  and  the 
e ,ffect upon fu e l  v o lu m e  f r o m  s e le c te d  s p a t ia l  v a r i a n t s :  a l t i tu d e ,
s lo p e  and d i r e c t io n a l  o r ie n ta t io n .  A p r e d i c t o r  eq u a t io n  is  em p lo y ed  
to  a s c e r t a i n  th e  v o lu m e  of e x p e c te d  fu e l  a f t e r  sp e c if ic  g ro w th  
p e r io d s  and  c o m b in a t io n  of s p a t i a l  v a r i a n t s .
M an a g e m e n t  d e c is io n s  b a s e d  upon  m o d u la r  outpu t can  be i m ­
p le m e n te d  in  s p e c i f ic  u n i ts  and s u b -u n i t s  in  the M endocino  C h a p a r r a l .  
P la n n in g  r e c o m m e n d a t io n s  can  be  b a s e d  upon the  p a r t i c u l a r  c o m b in a ­
t io n  of s p a t i a l  v a r i a n t s  th a t  o c c u r  in  the  u n i t  o r  s u b -u n i t .  The m ix  
of c o m b in a t io n s  m ay  b e  a s c e r t a i n e d  v ic a r io u s ly  th ro u g h  the a n a ly s i s  
of s im p le  m e a s u r e m e n t s  g a r n e r e d  f r o m  7 ,5  m in u te  to p o g ra p h ic  m a p s .  
The p r i m a r y  m a n a g e m e n t  r e c o m m e n d a t io n  in v o lv es  the in c lu s io n  of 
p r e s c r i b e d  b u rn in g  to  r e d u c e  the  fu e l  v o lu m e , h e n c e ,  a  r e d u c t io n  in  
the  p ro p e n s i ty  f o r  p o te n t ia l ly  d e s t r u c t i v e  w i ld f i r e  in  the M endocino  
C h a p a r r a l .
P r i m a r y  r e s o u r c e  b e n e f i ts  w il l  a c c r u e  a s  a  r e s u l t  of . p r e ­
s c r ib e d  b u rn in g .  T h e s e  b e n e f i ts  include: e n h a n c e m e n t  of w a te r  r e ­
s o u r c e s ,  r e ju v e n a t io n  of w ild l i fe  h a b i ta t ,  and  in c r e a s e d  s e a s o n a l  u s e  of 
the  M endoc ino  C h a p a r r a l  f o r  r e c r e a t i o n a l  p u r p o s e s .  A n c i l la ry  b e n e f i ts  
in c lu d e :  th e  r e d u c t io n  in  the n u m b e r  of in s ta n c e s  in  w hich  w i ld f i re  
s p r e a d s  f r o m  c h a p a r r a l  b r u s h la n d s  in to  a d ja c e n t  c o n ife ro u s  f o r e s t s ,  
the  m a in te n a n c e  of a  h ig h e r  m o i s t u r e  c o n ten t  in  f i r e  s u s c e p t ib le  v e g e -
X l l
t a t io n  th ro u g h o u t  a  l a r g e r  p o r t io n  of the  y e a r ,  and  the r e d u c t io n  of 
a c c e l e r a t e d  e r o s i o n  of e a r th  s u r f a c e  m a t e r i a l s .
X l l l
TH E MENDOCINO C H A P A R R A L  
A P R O B L E M  IN R ESO U R C E M AN A G EM EN T
C H A P T E R  I 
IN T RO D U C TIO N
C h a p a r r a l  is  a  t e r m  u s e d  to  d e s c r i b e  a  type  of woody v e g e ­
ta t io n  c o m m o n ly  found  in  r e g io n s  c h a r a c t e r i z e d  b y  d ro u g h ty  s u m ­
m e r s  and  r a in y  w in t e r s .  C h a p a r r a l  v e g e ta t io n  o c c u r s  in  s e v e r a l  r e ­
g ions  in  the  w o r ld  in  w h ich  the D r y - S u m m e r  S u b t r o p ic a l  c l im a t i c  type 
e x i s t s .  G e n e ra l ly  th is  k ind  of s c r u b  v e g e ta t io n  is  r e f e r r e d  to  a s  b e ­
ing  of the  M e d i t e r r a n e a n  type . C o n s id e ra b le  a r e a s  in  S o u th e rn  
E u ro p e  and  N o r th w e s t e r n  A f r i c a  a r e  o c cu p ie d  by s c r u b  c o m m u n it ie s  
r e f e r r e d  to  a s  m a q u is  o r  g a r r i g u e  (E yre , 1963, p . 126; P o lu n in ,  1969, 
pp . 354-358 ; G le a s o n  a n d  C ro n q u is t ,  1964, pp. 3 8 8 -4 0 0 ) .  S im i l a r  
a r e a s  of s c le r o p h y l lo u s  s h r u b s  a r e  found  in  A u s t r a l i a ,  South A f r i c a ,  
C h ile  and  C a l i fo rn ia .
S e v e r a l  e x p la n a t io n s  fo r  the  o r ig in  of th e  t e r m  c h a p a r r a l
h a v e  ev o lv ed ;  h o w e v e r ,  the  m o s t  p la u s ib le  is  i t s  d e r iv a t i o n  f r o m  the
S p a n ish  w o rd ,  c h a p a r r o .  m e a n in g  a n  e v e r g r e e n  o a k  (S a m p so n  and
J e s p e r s o n ,  1963, p. 3). The t e r m  c h a p a r r a l  is  a p p l ie d  to  any d e n s e
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im p e n e t r a b l e  g ro w th  of r ig id  o r  th o rn y  s h r u b s  o r  d w a r f  t r e e s .
T H E  P R O B L E M
T his  d i s s e r t a t i o n  e v a lu a te s  the  r e s o u r c e  p o te n t ia l  of a  p o r ­
t io n  of C a l i f o r n i a ' s  c h a p a r r a l  b r u s h la n d  and  the  r o l e  of p r e s c r i b e d  
b u rn in g  in  i t s  m a n a g e m e n t .  M any f a c e t s  of u s e  f o r  th e  c h a p a r r a l  
a r e  e x ta n t  - -  the  m a j o r  e m p h a s i s  h e r e i n  w il l  be  to a s c e r t a i n  th e  p la c e  
of f i r e  in  the  m a n a g e m e n t  of c h a p a r r a l  b r u s h la n d s  a s  a  r e s o u r c e .
A n in v e s t ig a t io n  o f th e  r o l e  of f i r e  in f lu e n c e s  w il l  y i e ld  in s ig h ts  i n ­
s t r u c t i v e  to  the  m a n a g e m e n t  of c h a p a r r a l  l a n d s .  R e c o r d s  of th e  i n ­
c id e n c e  of w i ld f i r e s  a r e  u t i l i z e d  to  d e l in e a te  s p e c i f i c  s i t e s  w h e r e  r e ­
c o v e r y  s t a g e s  of c h a p a r r a l  s p e c i e s  m a y  be  s tu d ie d  w i th in  a  t im e  
f r a m e w o r k  s p a n n in g  a p p r o x im a te ly  the  l a s t  f if ty  y e a r s .
T he  a c tu a l  b e h a v io r  of f i r e  in  c h a p a r r a l  b r u s h ,  and  th e  p o ­
te n t i a l  f o r  f i r e  u n d e r  g iv e n  c i r c u m s t a n c e s  a r e  in a d e q u a te ly  u n d e r s to o d .  
A m e a n s  of p r e d ic t in g  p o te n t ia l  fu e l  v o lu m e  f o r  w i ld f i r e  on th e  b a s i s  
of l o c a l  c h a p a r r a l  b r u s h  c h a r a c t e r i s t i c s  a n d  e n v i r o n m e n ta l  co n d i t io n s  
w i l l  be  of c o n s id e r a b l e  u t i l i t y .  F e d e r a l  a g e n c ie s  w h ic h  a r e  r e s p o n ­
s ib le  f o r  the m a n a g e m e n t  of c h a p a r r a l  b r u s h la n d s  h a v e  no m e a n s  of 
a s c e r t a i n i n g  the  a c tu a l  w i ld f i r e  p o te n t ia l  of h u n d re d s  of s q u a r e  m i l e s  
of c h a p a r r a l  v e g e ta t io n .
In  a d d i t io n  to the  d e a r t h  o f  s p e c i f i c  k n o w led g e  c o n c e rn in g  
w i ld f i r e  h a z a r d  in  c h a p a r r a l  b r u s h la n d s  t h e r e  is  a  p i t i f u l ly  m e a g e r  
d a ta  b a s e  upon  w h ic h  to  e v a lu a te  the  r e s o u r c e  p o te n t ia l  of c h a p a r r a l
b r u s h la n d s .  A t th e  p r e s e n t  t im e  i t  is  in d eed  d if f ic u l t  to  e n v is io n  
c h a p a r r a l  b r u s h l a n d s  a s  a  fu n c t io n a l  e le m e n t  in  th e  r e a l m  of C a l i f o r n ia 's  
r e s o u r c e s .  The in te n t  of th is  in v e s t ig a t io n  is  to  a n a ly z e  th e i r  p o te n ­
t i a l  and  to  f o r m u la t e  s p e c i f ic  m a n a g e m e n t  r e c o m m e n d a t io n s .
A m o d u la r  d e s ig n  h a s  b e e n  d ev e lo p e d  w h ich  f a c i l i t a t e s  the 
a s s e s s m e n t  of the  r e s o u rc e ,  p o te n t ia l  f o r  one of C a l i f o r n ia 's  l a n d ­
s c a p e s  - -  the  M en d o c in o  C h a p a r r a l  of N o r th e r n  C a l i fo rn ia .  It w il l  
b e  s u g g e s te d  th a t  M en d o c in o  C h a p a r r a l  sh o u ld  b e  s u b je c te d  to p e r io d ic  
p r e s c r i b e d  b u rn in g  a s  a  m e a s u r e  f o r  e n h a n c e m e n t  of i ts  r e s o u r c e  
p o te n t ia l .
R A TIO N A LE
In the m id  1 9 60 's  C a l i fo rn ia  b e c a m e  the  n a t io n 's  m o s t  p o p u ­
lo u s  s t a t e  w ith  a l m o s t  tw enty  m i l l io n  p e o p le .  P r e s e n t  t r e n d s  i n ­
d ic a te  th a t  C a l i f o r n i a ' s  p o p u la t io n  w il l  e x p e r i e n c e  c o n tin u ed  g ro w th  
(R o g e rs ,  1965, p . 1). A t the  p r e s e n t  t im e  th e  m a jo r i t y  of C a l i f o r n ia 's  
p o p u la t io n  is  c o n c e n t r a t e d  in  S o u th e rn  C a l i fo rn ia .  I t  a p p e a r s  th a t  
N o r th e r n  C a l i f o r n i a ' s  p o p u la t io n  is  r a p id ly  g ro w in g  a s  d is p la c e d  u rb a n  
d w e l le r s  r e lo c a t e  in  m o r e  s p a r s e l y  p o p u la te d  r u r a l  a r e a s .
P la n n in g  f o r  the  o r d e r l y  d e v e lo p m e n t  of C a l i f o r n ia 's  r e m a i n ­
ing  p o te n t ia l  r e s o u r c e s  is  of c r i t i c a l  im p o r ta n c e .  The e n v i ro n m e n ta l  
a t t r i b u t e s  o f  C a l i f o r n i a 's  r e m a in in g  o pen  s p a c e s  m u s t  be  th o ro u g h ly  
a p p r a i s e d  b e f o r e  f u r t h e r  p o p u la t io n  g ro w th  o c c u r s .  O bv ious ly  th is  
d o e s  no t n e c e s s a r i l y  m e a n  th a t  c h a p a r r a l  b r u s h l a n d s  m u s t  b e  a p p r a i s e d
a s  p o s s ib le  a r e a s  of r e s id e n t i a l  r e lo c a t i o n  a lthough  th a t  m a y  e v e n tu ­
a l ly  o c c u r .  H o w e v e r ,  i t  does  m e a n  th a t  m o r e  p eo p le  w il l  be  se e k in g  
r e c r e a t i o n  a r e a s  on p u b lic  la n d s  w h ich  h e r e t o f o r e  h ave  n o t  b e e n  u t i ­
l iz e d  in  th is  m a n n e r .  P e r h a p s  the  m a in  p ro h ib i t io n  f o r  u s e  of c h a p ­
a r r a l  b r u s h la n d s  w il l  be  the in h e r e n t  h a z a r d o u s n e s s  of w i ld f i r e  and  
a l l  of i ts  a t t e n d a n t  d e b i l i ta t io n  to  lan d  r e s o u r c e s .
C h a p a r r a l  v e g e ta t io n  is  of l i t t l e  d i r e c t  e co n o m ic  v a lu e  a t  
p r e s e n t .  I n a d v e r te n t ly  i t  s e r v e s  a s  a  w a te r s h e d  p r o t e c t o r ,  b u t  i t  is  
no t m a n a g e d  to  m a x im iz e  i t s  u t i l i ty  f o r  w a te r  r e s o u r c e s .  P r o v id in g  
w ild l i fe  h a b i t a t  i s  a n o th e r  fu n c t io n  of c h a p a r r a l ,  y e t  a g a in  th e r e  is  
no d e f in i t iv e  m a n a g e m e n t  p lan .  T h e r e  i s  a  c e r t a i n  e l e m e n t  of b eau ty  
in  the  c h a p a r r a l  w i ld e r n e s s  s e t t in g  th a t  is  no t a lw a y s  fu l ly  a p p r e ­
c ia te d .  P e r h a p s  in  the  f u tu r e  c h a p a r r a l  b ru s h la n d s  w il l  be  r e g a r d e d  
as  a  p la c e  f o r  r e c r e a t i o n ,  and  t h e i r  un ique  w ild  b e a u ty  w i l l  le n d  
th e m  a fu n c t io n a l  r e s o u r c e  v a lu e .
T H E  R E S E A R C H  AREA
T he M en d o c in o  N a tio n a l  F o r e s t  is  lo c a te d  in  the  C o a s t  R ange  
of N o r th e r n  C a l i fo rn ia  ( F ig u r e  1). C h a p a r r a l  b ru s h la n d s  a lo n g  the  
e a s t  fa c e  of the  C o a s t  R ange  M o u n ta in s  h a v e  b e e n  c h o se n  a s  a  fo cu s  
f o r  in v e s t ig a t i o n  f o r  s e v e r a l  r e a s o n s .  F i r s t ,  s ig n i f ic a n t  la n d  m a n ­
a g e m e n t  r e s e a r c h  h a s  no t b e e n  in i t i a t e d  h e r e  e x c e p t  in  the  im m e d ia te  
a r e a  of the  G r in d s to n e  C anyon  C h a m is e  C o n v e r s io n  P r o j e c t  (U .S . 
F o r e s t  S e r v i c e ,  1958, pp. 1 -35) .  T h is  USFS p r o j e c t  is  c o n c e rn e d
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6w ith  the  m e a n s  of c o n v e r t in g  c h a p a r r a l  b r u s h la n d s  in to  g r a s s l a n d s  
f o r  c a t t l e  g ra z in g .  P r o j e c t  o b je c t iv e s  a r e  to  e v a lu a te  c o s t - b e n e f i t s  
and  c o n v e r s io n  te c h n iq u e s  w h ich  d e s t r o y  b r u s h  by  m e c h a n ic a l  o r  
c h e m ic a l  m e a n s ,  o r  s o m e  c o m b in a t io n  of th e s e .  J ay  R. B en t ley  
(1965, p. 10), a  s tu d e n t  of te c h n iq u e s  of b r u s h  c o n v e r s io n ,  c o n c lu d es  
th a t  s in c e  m o s t  of C a l i f o r n i a ' s  c h a p a r r a l  b r u s h l a n d s  a r e  s i tu a te d  on 
s t e e p  t e r r a i n  w ith  s h a l lo w ,  ro c k y  s o i l s ,  only on  s e l e c t e d  s i t e s  can  
b r u s h f i e ld s  be e f fe c t iv e ly  c o n v e r te d  to  a  new , m o r e  d e s i r a b l e  p la n t  
c o v e r .  Second , the  m a j o r i t y  of th e s e  la n d s  a r e  e n t r u s t e d  to  the  s t e w ­
a r d s h i p  of the F e d e r a l  G o v e rn m e n t ;  h e n c e ,  th ey  a r e  "p u b l ic  l a n d s " .  
T h i rd ,  th is  a r e a  is  in  a  s t a t e  of s e m i - i s o l a t i o n .  P r e s e n t l y  th e r e  
a r e  no a l l - w e a t h e r  e a s t - w e s t  h ig h w ay s  f o r  a  d i s t a n c e  of 177 k m .  
c r o s s i n g  th is  s e g m e n t  of the  C o a s t  R an g e . S e c o n d a ry  m a c a d a m  and  
d r y - w e a t h e r  ro a d s  p ro v id e  only  l im i te d  s e a s o n a l  a c c e s s .  A few  su ch  
r o a d s  a r e  m a in ta in e d  a s  a v e n u e s  of a c c e s s  w e s tw a r d  to  th e  h ig h e r  
m o u n ta in s  f o r  u t i l i z a t io n  by the  t i m b e r  in d u s t r y  and  f o r  f i r e  p r o t e c ­
tion . F o u r th ,  th e r e  p r e s e n t l y  is  no s ig n i f ic a n t  e c o n o m ic  a c t iv i ty  s i t ­
u a te d  w ho lly  w ith in  the  c h a p a r r a l  b r u s h la n d s .  H u m a n  u t i l i z a t io n  is  
b a s i c a l l y  l im i t e d  to s e a s o n a l  r e c r e a t i o n a l  a c t i v i t i e s .  F i f th ,  th is  r e ­
s e a r c h  p r o j e c t  h a s  d e v e lo p e d  f r o m  a  d e ep  p e r s o n a l  i n t e r e s t  in  the 
M en d o c in o  C h a p a r r a l  a s  a  r e s u l t  of boyhood y e a r s  of e x p lo ra t io n  t h e r e .  
T h e r e  is  a  d e f in i te  d e a r th  of l i t e r a t u r e  c o n c e rn in g  th is  r e g io n .  A 
g r e a t  d e a l  of p e r s o n a l  s a t i s f a c t i o n  w il l  b e  d e r iv e d  w ith  the  c o m p le t io n
and  p u b l ic a t io n  of  th is  r e s e a r c h .
C O N T E M PO R A R Y  LAND \USE
C h a p a r r a l  b ru s h la n d s  in  the  M en d o c in o  N a tio n a l  F o r e s t  a r e  
c h a r a c t e r i z e d  by p a s s iv e  la n d  u s e .  T h e se  la n d s  y ie ld  s u r f a c e  runoff  
w a t e r  w h ich  is  a  v e ry  v a lu a b le  c o m m o d ity  f o r  c o n te m p o r a r y  C a l i ­
f o r n ia n s ;  h o w e v e r ,  th e r e  is  no v ia b le  m a n a g e m e n t  p la n  d e s ig n e d  w ith  
the o b je c t iv e s  of in c r e a s in g  w a te r  y ie ld  o r  w a te r  q u a l i ty .  U ndoub t­
ed ly , M en d o c in o  C h a p a r r a l  cou ld  be  m a n a g e d  v e r y  p ro f i ta b ly  so le ly  
f o r  w a t e r  r e s o u r c e s .
A few  h e a d  of c a t t l e  a r e  ra n g e d  in  th o se  p a r t s  of the  M endo­
c ino  C h a p a r r a l  w h ich  a r e  b e s t  s u i te d  f o r  th is  p u r p o s e .  U n fo r tu n a te ly ,  
th e r e  i s  v e ry  l i t t l e  of the  r e g io n  th a t  can  b e  p ro f i ta b ly  u s e d  fo r  l i v e ­
s to c k .  The v a g a r i e s  of e n v i r o n m e n ta l  co n d i t io n s  co m b in e  to  r e s u l t  
in  h ig h ly  v a r i a b l e  g r a z in g  s e a s o n s  f r o m  y e a r  to  y e a r .  L iv e s to c k  
r a n c h e r s  r e s id in g  in  the  fo o th i l l s  of the C o a s t  R ange  can  n o t  depend  
upon  c h a p a r r a l  r a n g e s  e x c e p t  in  a  r a t h e r  ten u o u s  w ay . I t  i s  p ro b a b le  
th a t  l i v e s to c k  ra n c h in g  w i l l  r e m a i n  a  r i s k y  e n d e a v o r .
M any f o r m s  of w i ld l i f e ,  e s p e c ia l l y  d e e r  and  a s s o c i a t e d  p r e d ­
a t o r s ,  a r e  r e s i d e n t s  of the  c h a p a r r a l .  D u r in g  the  l a t t e r  p a r t  of the 
19th C e n tu ry ,  a n d  f o r  th e  f i r s t  few  y e a r s  of th e  20 th  c e n tu ry ,  d e e r  
h e r d s  w e r e  d e c im a te d  by  m a r k e t  h u n te r s  (B u rc h a m ,  1956, p . 63).
If the  m e a t  w as  n o t  s o ld ,  d e e r  w e r e  s la u g h t e r e d  f o r  t h e i r  h id e s .  
B u c k s k in  w as  so ld  to  fo o th i l l  and  S a c r a m e n to  V a lley  r a n c h e r s  fo r
8m a k in g  h a r n e s s .
Today t h e r e  a r e  only a  few  d e e r  in  th e  M endoc ino  C h a p a r r a l  
b e c a u s e  of the  d e c a d e n t  c o n d i t io n  of m o s t  b r u s h f i e l d s .  B ru s h  m o r e  
th a n  th i r ty  y e a r s  o ld  is  u n p a la ta b le  to  b r o w s in g  a n im a ls  a s  w e l l  a s  
b e in g  v e r y  low in  n u t r i e n t s  (B is w e l l  and  o t h e r s ,  1952, p. 6). P o ­
te n t ia l ly  the  c h a p a r r a l  m a y  be  c a p a b le  of s u p p o r t in g  a  d y n a m ic  d e e r  
h e r d  if the  b r u s h  i s  o c c a s io n a l ly  r e ju v e n a te d .
H u m an  u t i l i z a t io n  of the  M en d o c in o  C h a p a r r a l  is  v e r y  l im i t e d .  
T h e re  a r e  s c a r c e l y  a  d o z en  p e r m a n e n t  h a b i ta t io n s  in  th e  e n t i r e  s tu d y  
a r e a .  A few  p e r s o n s  h a v e  s e a s o n a l  r e s i d e n c e s ,  b u t  s in c e  a  l a r g e  
m a jo r i t y  of the  la n d  is  ow ned by the  F e d e r a l  G o v e rn m e n t  t h e r e  w il l  
co n tin u e  to be only  l im i t e d  s e a s o n a l  r e s i d e n t i a l  u s a g e .  H o w e v e r ,  
c a m p in g ,  hun ting  an d  f is h in g  do o c c u r  to a  l im i t e d  e x te n t ,  an d  if  
m a n a g e d  p r o p e r ly  the  M endoc ino  C h a p a r r a l  co u ld  a c c o m m o d a te  a  s i g ­
n i f ic a n t ly  l a r g e  e x p a n s io n  of th e s e  p u r s u i t s .
E N V IR O N M E N T A L  F A C T O R S  
A th o ro u g h  a p p r a i s a l  of e n v i r o n m e n ta l  f a c to r s  in  the M en d o ­
c in o  C h a p a r r a l  m u s t  be  a c c o m p l i s h e d  p r i o r  to  the  a p p l ic a t io n  of the  
i n t e r a c t i o n  m o d e l .  The a s s e s s m e n t  of the  i n t e r r e l a t i o n s h i p s  w h ich  
o c c u r  b e tw e e n  e n v i r o n m e n ta l  c o m p o n e n ts  is  r e q u i s i t e  to  an  a c c u r a t e  
a p p l ic a t io n  and a n a ly s i s  of m o d u la r  ou tpu t.
B a s ic a l ly ,  the  p r o b le m  is  to  d i s c o v e r  w h ich  p h y s ic a l  f a c t o r s  
in f lu e n c e  the  v o lu m e  of fu e l  p ro d u c e d  in  the  M en d o c in o  C h a p a r r a l .  A t
the  s a m e  t im e  i t  is  im p e r a t i v e  to  m a in ta in  a  s im p l i s t i c  a p p ro a c h .  
S im p l ic i ty  is  a  d e s i r a b l e  f e a tu r e  in  th a t  i t  w ill  f a c i l i t a t e  a n  a p p l ic a ­
t io n  of m a n a g e m e n t  p r in c ip le s  by m o d e r a te ly  t r a in e d  te c h n ic ia n s .
W ith th is  a s  a  m a j o r  c o n s id e r a t io n  the  r e s e a r c h  p r o j e c t  i s  d e s ig n e d  
to  in c lu d e  only  th o se  v a r i a b l e s  w h ich  a r e  thought to  in f lu en c e  b io ­
m a s s .  T h e » e  v a r i a b l e s  m ig h t  b e  s u r r o g a t e s  fo r  c o m p le x  la n d sc a p e  
i n t e r d e p e n d e n c ie s .  T h e  s e v e r a l  s p a t i a l  v a r i a b l e s  w h ich  
h a v e  b e e n  s e le c te d  a s  in p u ts  c a n  b e  g a r n e r e d  f r o m  a v a i la b le  to p o ­
g r a p h ic  m a p s ;  th is  d a ta  c a n  be  m a n ip u la te d  to  fu l f i l l  th e  r e q u i r e ­
m e n t s  of the  r e s e a r c h  d e s ig n .
L a n d fo rm s  - -  one of the  m o r e  im p o r ta n t  f a c e t s  of the  p h y ­
s i c a l  l a n d s c a p e  - -  . a f f e c t  v e g e ta t io n  ty p es  and  q u ite  p ro b a b ly  v e g e ­
ta t io n  v o lu m e  th ro u g h  th e  in f lu en c e  of a l t i tu d e ,  s lo p e ,  and  d i r e c t io n a l  
o r ie n ta t io n .  A r r a n g e m e n t  of the  la n d f o r m s  in f lu en c es  c l im a t ic  p a t ­
t e r n s  w h ich  in  tu r n  m a y  a f f e c t  s p e c i e s ,  types  and d i s t r ib u t io n  of c h a p ­
a r r a l  v e g e ta t io n .  F in a l ly ,  s t e e p n e s s  of s lo p e  is  im p o r ta n t  b e c a u s e  of 
th e  e f fe c t  i t  h a s  upon  s u r f a c e  m a t e r i a l s ,  e s p e c ia l ly  s o i l s  (F ig u r e  2).
LA N D FO RM S
T h r e e  d i s t in c t ly  d i f f e r e n t  to p o g ra p h ic  u n its  e x i s t  in  the r e ­
s e a r c h  a r e a  ( F ig u r e  3). The  m o s t  w e s t e r ly  p o r t io n  of th e  s tudy  a r e a  
in c lu d e s  th e  s u m m i t  r id g e  of the  C o a s t  R ange and  m a j o r  e a s t - w e s t  
r id g e s  jo in e d  to  i t .  Im m e d ia te ly  e a s t  of th e se  r id g e s  is  a  ch a in  of 
p r o m in e n t  r id g e s  c o m p o se d  of s e r p e n t in e  e m p la c e d  a lo n g  the  Stony
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C r e e k  F a u l t .  F a r t h e s t  e a s t  and  t r a n s i t i o n a l  to  the  S a c r a m e n to  V a lley ,  
a r e  a  s e r i e s  of h o m o c l in a l  r id g e s  and  in te r v e n in g  v a l l e y s .
S u m m it  and  M a jo r  E a s t - W e s t  R id g es
S itu a ted  a lo n g  the  w e s t e r n  m a r g i n  of th e  s tu d y  a r e a ,  the  
s u m m i t  r id g e  of the  N o r th e r n  C o a s t  R ange  t r e n d s  a lo n g  the  n o r th -  
so u th  l in e  f r o m  n e a r  C le a r  L a k e ,  C a l i fo rn ia ,  to  th e  ju n c t io n  of the  
C o a s t  R an g e s  w ith  the  K la m a th  M o u n ta in s  (w e s t  of R edd ing , C a l i f o r ­
n ia )  - -  a  d is ta n c e  of a b o u t  o n e - h u n d r e d  and  n i n e t y  k m .  The r id g e  
ex te n d s  to  m a x im u m  e le v a t io n s  s l ig h t ly  in  e x c e s s  of 2 ,4 4 0  m .  S e v e r a l  
m o u n ta in  p e ak s  a lo n g  the  s u m m i t  of the  r a n g e  a r e  a p p r o x im a te ly  
1 ,8 3 0  m .  The g e n e r a l  c r e s t  of th e  r a n g e  i s  a b o u t  1 ,3 7 5  to 1 ,5 2 5  m .  
S om e of the  h ig h e s t  p e a k s  s i tu a te d  a lo n g  th e  s u m m i t  r id g e  d is p la y  
s o m e  e v id e n c e  of P l e i s t o c e n e  a lp in e  g la c i a t io n  a s  f a r  s o u th  a s  Snow 
M o u n ta in  (I rw in ,  I9 6 0 ,  p. 55), ( F ig u r e  4).
Long r id g e s  b r a n c h  f r o m  the  m a in  s u m m i t  of the c o a s t  
r a n g e ,  a n d  o c c a s io n a l  p r o m i n e n c e s  a lo n g  th e  r id g e s  a p p e a r  a s  "p ea k s  " 
th a t  a r e  d i s a s s o c i a t e d  f r o m  the  m a in  s u m m i t  r id g e .  P a c i f i c ,  T ro u g h  
S p r in g ,  O pen, F e l k n e r ,  A ld e r  S p r in g s ,  L og S p r in g s  a n d  R a g l in  a l l  a r e  
m a j o r  r id g e s  th a t  e x ten d  e a s t w a r d  f r o m  the  m a i n  s u m m i t  r id g e .  In 
s e v e r a l  in s ta n c e s  th e s e  r i d g e s  a r e  19 k m . to  24 k m . in  le n g th  and  p a r ­
a l l e l  one a n o th e r  u n t i l  t r u n c a t e d  (by the  S tony C r e e k  F a u l t )  a t  the  
e a s t e r n  edge  of th e  C o a s t  R an g e .  R idge  s u m m i t s  s o m e t im e s  a r e  v e r y  
f l a t  f r o m  0 .4 0  k m . to  0 .8 0  k m . a c r o s s  t h e i r  top . In s o m e  p l a c e s .
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h o w e v e r ,  they  a r e  b u t  a  few  m e t e r s  w ide  - -  s c a r c e l y  enough f o r  a 
n a r r o w ,  u n im p ro v e d  ro a d .
Som e r i d g e s ,  su ch  a s  Log  S p r in g  R idge , m a in ta in  a  r a t h e r  
u n i f o r m  e le v a t io n  th ro u g h o u t  t h e i r  e n t i r e  len g th .  L og S p r in g  R idge  
e x te n d s  e a s tw a r d  f r o m  the  f la n k  of 2, 023 m .  h igh  A nthony P e a k  
a t  the  s u m m i t  of the  C o a s t  R ange , to  i t s  t e r m in a t io n  24 k m . d i s t a n t  
a t  C o m m is s a r y .  A bou t 1 .5  k m . e a s t  of the  s u m m i t  of Uhl P e a k ,  a t  
G o v e rn m e n t  F l a t ,  the  e le v a t io n  of the r id g e  is  1 ,7 6 9  m .  w h ile  a t  
i t s  t e r m i n u s  th e  e le v a t io n  is  1 ,5 2 2  m .  G oa t H il l ,  1 7 .7  k m . e a s t  of 
G o v e rn m e n t  F la t ,  r i s e s  to  a n  e le v a t io n  of 1 ,8 1 9  m . w h ich  is  s l ig h t ly  
h ig h e r  th an  the r id g e  top w h e re  i t  jo in s  the  c r e s t  of the  r a n g e  (U, S. 
D e p a r t m e n t  of the  I n t e r i o r ,  A nthony P e a k ,  1952).
S izab le  s t r e a m  d r a in a g e  b a s in s  a r e  s i tu a te d  b e tw e e n  e a c h  of 
the  m a j o r  r id g e s .  W ith in  th e s e  b a s in s  m an y  s h o r t ,  n a r r o w  r id g e s  
p lu n g e  to  canyon  b o t to m s .  T h e r e f o r e ,  e a c h  m a j o r  d ra in a g e  b a s in  is  
c o m p o s e d  of a  s e r i e s  o f  l e s s e r  b a s in s  e n c lo s e d  by s e c o n d a r y  r id g e s .  
S e c o n d a ry  r id g e s  a r e  s t e e p - s i d e d ,  and  s o m e t im e s  th ey  a r e  c h a r a c t e r ­
i z e d  by n e a r ly  p r e c ip i to u s  s lo p e s .  T h e i r  s u m m i t s  a r e  v e ry  n a r r o w  
an d  s e ld o m  a r e  th e y  l e v e l  f o r  any  a p p r e c ia b le  d i s ta n c e .
S m a ll  d r a in a g e  b a s in s  a r e  found a lo n g  the v e r y  s te e p  fa c e s  of 
m a in  r i d g e s ,  w h ich  w e r e  t r u n c a te d  a s  the r e s u l t  of n e a r ly  v e r t i c a l  
d i s p l a c e m e n t  a lo n g  the  Stony C r e e k  F a u l t .  H e a d w a rd  e r o s io n  h a s  r e ­
s u l te d  in  the f o r m a t i o n  of s m a l l  b a s in s  w h e re  s t r e a m  a c t io n  i s  a t ta c k in g
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the  v e r y  s t e e p  and  ru g g e d  e a s t e r n  fa c e  of the  C o a s t  R an g e . S a lt  
C r e e k ,  f o r  e x a m p le ,  f a l l s  m o r e  th a n  915 m .  in  a p p r o x im a te ly  4. 8 
k m .
T o p o g ra p h y  is  c o n t r o l le d  to  a  g r e a t  e x te n t  by g e o lo g ic  f a c t o r s .  
The C o a s t  R ange  s u m m i t  r id g e ,  l ik e  the  m a in  r id g e s  ex ten d in g  e a s t ­
w a rd  f r o m  i t ,  is  c o m p o se d  of w e ak ly  m e ta m o r p h o s e d  F r a n c i s c a n  ro c k s .  
The m o s t  c o m m o n ly  found m e t a s e d i m e n t  is  q u a r t z - m i c a  s c h i s t  (Don- 
d a n v i l le ,  1958, p. 9). P r o m i n e n c e s  a lo n g  m a j o r  r id g e s  a r e  p la c e s  
w h e r e  the  s c h i s t  o u tc ro p  h a s  r e s i s t e d  w e a th e r in g .
S lo p es  a r e  o r d i n a r i l y  s t e e p  e x c e p t  f o r  the  n a r r o w  r id g e  
c r e s t s .  In s o m e  p la c e s  m a s s i v e  s o l i f lu c t io n  s c a r s  h a v e  r e s u l t e d  in  
the  f o r m a t i o n  of s lo p e s  of 60 p e r c e n t  to 80 p e r c e n t .  W h e re  the  m a s s  
of m a t e r i a l  h a s  c o m e  to  r e s t  a  b e n c h  is  fo r m e d  in  w h ich  t h e r e  is  a  
r a p id  ch an g e  in  s lo p e .  I t  i s  n o t u n c o m m o n  to f in d  s lo p e s  of 15 p e r ­
c e n t  to  30 p e r c e n t  in  a r e a s  c h a r a c t e r i z e d  by th is  ty p e  of g e n e r a l  
a c t iv i ty .
M o s t  of the  to p o g ra p h y  in  the  a r e a  of q u a r t z - m i c a  s c h i s t  is  
c h a r a c t e r i z e d  by s lo p e s  in  e x c e s s  of 30 p e r c e n t .  In p a r t  th is  is  due 
to  the  s t a b i l i z a t i o n  of r id g e  c r e s t s  by r e s i s t a n t  m a t e r i a l s .  H o w ev e r ,  
in  a d d i t io n  t h e r e  h a s  b e e n  r a p id  v e r t i c a l  dow n cu ttin g  by p r a c t i c a l ly  
a l l  s t r e a m s .  U l t im a te ly  th is  r e s u l t s  in  a d v a n c e d  m a s s  w a s t in g  a lo n g  
c an y o n s  and  gu lly  s i d e s .  M any s t r e a m s  h a v e  ra p id ly  c u t  t h e i r  c h a n ­
n e l s  and  they  h av e  b e c o m e  s o  ru g g e d  th a t  i t  is  p r a c t i c a l l y  im p o s s ib le
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to t r a v e r s e  t h e i r  c o u r s e s .
S e rp e n t in e  R id g es
Im m e d ia te ly  e a s t  of the  s c h i s to s e  r o c k s  is  a  n a r r o w  ban d  of 
s e r p e n t in e  r o c k s .  T h ro u g h o u t  the  zone  of s e r p e n t in e  s t e e p n e s s  of 
s lo p e  is  a  p r e v a i l in g  c h a r a c t e r i s t i c  w hich  p ro b a b ly  is  d i r e c t ly  r e l a t e d  
to  b a s ic  g eo lo g ic  e v e n ts .  S e rp e n t in e  o c c u p ie s  a n  a r e a  of once  a c t iv e  
c r u s t a l  m o v e m e n t  a lo n g  the  Stony C r e e k  F a u l t .  T h is  h ig h -a n g le  
t h r u s t  f a u l t  p ro b a b ly  e x te n d s  d eep  in to  o r  th ro u g h  the  e a r t h ' s  c r u s t  
(D o ndanv ille ,  1958, p. 9). The zone  of m o v e m e n t  is  o c c u p ie d  by 
s l i c k e n - s id e d  l e n s e s  of s e r p e n t in e  in t r o d u c e d  in to  th e  f a u l t  zo n e  e i t h e r  
a s  a  co ld  i n t r u s io n  o r  a s  a  th ic k  p l a s t i c  s m e a r  (P a g e ,  1966, p. 270). 
A s a r e s u l t  of th i s ,  s e r p e n t in e  r id g e s  o c c u r  a s  to p o g ra p h ic  h ig h s  
a long  the c o n ta c t  w ith  the  s c h i s t o s e  ro c k s  ( F ig u r e  5). M a s s iv e  dow n- 
s lo p e  s l ip p a g e  of s e r p e n t in e  h a s  o c c u r r e d  r e s u l t in g  in  ju m b le  of s e r ­
p en tin e  c o l lu v iu m  w h ich  m a s k s  i t s  c o n ta c t  w ith  S a c r a m e n to  V a lley  
s e d im e n ts  (R ay m o n d , 1962, p. 13).
W ith in  th i s  zone o c c a s io n a l  o u tc ro p p in g s  of v o lc a n ic  r o c k s ,  
d ia b a s e  an d  g r e e n s to n e  o c c u r  (W il l is ,  1962, p. 12). O u tc ro p p in g s  
u s u a l ly  o c c u r  w h e re  they  h a v e  b e e n  ex p o se d  a s  the  r e s u l t  of a c t iv e  
d o w ncu tting  by s t r e a m  a c t io n .  H e n ce ,  m a n y  s t r e a m s  a r e  in  p r e c i p i ­
tous  g o rg e s  b o r d e r e d  on bo th  s id e s  by r e s i s t a n t  ig n eo u s  m a t e r i a l s  
( F ig u re  6).
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F ig u r e  5. - - S e r p e n t i n e  r id g e s  o c c u r  a s  to p o g ra p h ic  h ighs
a lo n g  the  g eo lo g ic  c o n ta c t  w ith  s c h i s to s e  ro c k s
\  . "'-j' ^
w
F ig u r e  6. - - P r e c i p i t o u s  g o rg e  a lo n g  G r in d s to n e  C re e k
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H o m o c lin a l  R id g es
L a n d fo r m s  a s s o c i a t e d  w ith  S a c r a m e n to  V a lley  s e d im e n t s  a r e  
m a r k e d ly  d i s s i m i l a r  to  the  s e r p e n t in e  r id g e s  j u s t  d e s c r i b e d .  B a s i ­
c a l ly ,  th e s e  s e d im e n t s  h a v e  b e e n  d i a s t r o p h ic a l ly  d e f o r m e d  r e s u l t in g  
in  the f o r m a t i o n  of a  s e r i e s  of n o r th - s o u th  t r e n d in g  h o m o c l in a l  r id g e s  
(D o n d an v il le ,  1958, p. 2). T h e se  r id g e s  a r e  c o m p o s e d  of s te e p ly  
d ipp ing  c o n g lo m e r a t e  o r  s a n d s to n e  b e d s  w h ich  a r e  r e s i s t a n t  to w e a th ­
e r in g  an d  e r o s io n .  In te rv e n in g  v a l le y s  o c c u r  w h e r e  s o f t e r  s a n d s to n e s  
and  m u d s to n e s  h a v e  b e e n  w e a th e r e d  and  e ro d e d .  The r e s u l t i n g  to p o g ­
ra p h y  is  a  s e r i e s  of a r c u a t e  r id g e s  w h ich  a r e  s e v e r a l  m i l e s  in  w id th  
and  w h ich  tend  to  p a r a l l e l  th e  C o a s t  R ange  S u m m it  r id g e  (C a l i fo rn ia  
D e p a r tm e n t  of N a tu r a l  R e s o u r c e s ,  G e o lo g ic  M ap of C a l i f o r n ia ,  1969). 
R idge  c r e s t s  r i s e  s te e p ly  90 to  150 m .  abo v e  v a l le y  f l o o r s .  Only the  
e x t r e m e  w e s t e r n  p o r t io n  of th is  to p o g ra p h ic  u n it  is  in c lu d e d  w ith in  
the  r e s e a r c h  a r e a  (F ig u r e  2).
The v e r y  r a p id  m i d - P l e i s t o c e n e  u p l i f t  of the  N o r th e r n  C o a s t  
R ange r e s u l t e d  in  a  g r e a t ly  s te e p e n e d  m o u n ta in  f r o n t .  N u m e ro u s  
m a s s e s  of s l id e  r o c k  b r o k e  lo o s e  r e s u l t i n g  in  l a n d s l id e  s c a r s  and  
huge a c c u m u la t io n s  of s l id e  d e b r i s  (H inds , 1952, p. 157). I rw in  
(I9 6 0 , p . 56) c o m m e n ts  th a t  th e s e  d e b r i s  flow s a r e  the  f o r e m o s t  m o d e  
of d e g ra d a t io n .  D e b r i s  c o n s i s t s  of s h e a r e d  and  ju m b le d  m a s s e s  of 
g ra y w a c k e ,  s h a le ,  s e r p e n t in e ,  g r e e n s to n e  and  g la u co p h a n e  s c h i s t  
(H inds , 1952 , p. 157). S lo p es  f r o m  w h ich  su ch  f low s h a v e  o c c u r r e d
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u s u a l ly  a r e  g r a s s  c o v e r e d  an d  l a r g e ly  dev o id  of b r u s h  and  t r e e s  
(F ig u re  7).
The s tu d y  a r e a  is  c h a r a c t e r i z e d  by  m o u n ta in o u s  t e r r a i n ,  in  
w hich  g e n e r a l ly  s t e e p  s lo p e s  a r e  found . V e ry  ru g g e d  to p o g ra p h y  
w ith  s lo p e s  of 35 to 50 p e r c e n t  a r e  no t u n c o m m o n .  In  m an y  p la c e s  
s lo p e s  of 65 to  70 p e r c e n t  w e r e  m e a s u r e d  in  the  f ie ld  w ith  a  B ru n to n  
p o c k e t  c o m p a s s .  It i s  l i t t l e  w o n d e r  th a t  t h e r e  is  s u c h  p ro n o u n c e d  
m a s s  w a s t in g  th ro u g h o u t  the  s tudy  a r e a .  M any s lo p e s  d is p la y  the  
e v id e n c e  of s ig n i f ic a n t  m a s s  w a s t in g  in  the p a s t ,  and  m o r e  of the 
s a m e  a c t i v i ty  m a y  be  e x p e c te d  in  the  fu tu r e .
C L IM A T E
T o p o g ra p h y  is  an  i m p o r t a n t  c l im a t ic  c o n t r o l  in  the  s tudy  
a r e a .  The m a in  s u m m i t  r id g e  of the  n o r t h e r n  C o a s t  R ange  is  a n  e f ­
fe c t iv e  b a r r i e r  to  the  e a s t w a r d  m o v e m e n t  of m a r i t i m e  a i r  m a s s e s .  
M o u n ta in o u s  a r e a s  e a s t  of the  m a in  s u m m i t  r id g e  - - a s  w e l l  a s  fo o t ­
h i l l s  a lo n g  the  w e s t e r n  m a r g i n  of the  S a c r a m e n to  V a l ley  - -  a r e  in  
the  r a i n  sh ad o w  of the C o a s t  R ange . Coffin  (1955, p. 23) d i s c o v e r e d  
th a t  only w e l l  d e v e lo p e d  s t o r m s  of D e c e m b e r ,  J a n u a r y  and  F e b r u a r y  
p ro d u c e  a p p r e c i a b l e  a m o u n ts  of p r e c ip i t a t i o n  a lo n g  the  e a s t  f r o n t  of 
the  m o u n ta in s .
N e a r  the s u m m i t  o f  th e  C o a s t  R ange  - - a t  3 9 °  N. l a t i tu d e  - -  
a v e r a g e  a n n u a l  p r e c ip i t a t i o n  is  e s t i m a te d  a s  b e in g  a p p r o x im a te ly  
190 c m . S to n y fo rd ,  w h ich  is  s i tu a te d  n e a r  the  s o u t h e a s t e r n  c o r n e r
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F i g u r e  7. - - S lo p e s  on  w hich  m a s s  w a s t in g  h a s  o c c u r r e d  
u s u a l ly  a r e  g r a s s  c o v e r e d  and  l a r g e ly  devo id  
of b r u s h  and  t r e e s
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of the s tu d y  a r e a ,  r e c e i v e s  an  a v e r a g e  an n u a l  p r e c ip i t a t i o n  of 48 cm . 
M onthly m a x im u m  p r e c ip i t a t i o n  o c c u r s  in  J a n u a r y  (C offin , 1955, p. 
23g). P r e v a i l i n g  w e a th e r  is  c h a r a c t e r i z e d  by  " p e r io d s  of s to r m i n e s s  
s e p a r a t e d  by p e r io d s  of c l e a r  o r  p a r t ly  c l e a r  w e a th e r  (C offin , 1955, 
p. 4). "
S u m m e r s  a r e  q u ite  d ry .  S u b s id e n ce  of a i r  f r o m  o c ea n ic  
h igh  p r e s s u r e  r e s u l t s  in  p r e v a i l in g  c l e a r  s k ie s  th ro u g h o u t  the h ig h -  
sun  s e a s o n .  O c c a s io n a l  b u ild u p  of c u m u lu s  c lo u d s  d o e s  o c c u r ,  b u t  
p r e c ip i t a t io n  s e ld o m  is  a n  a c c o m p a n im e n t .  L ig h tn in g  c an  r e s u l t  f r o m  
th e se  d ry  t h u n d e r s to r m s  w h ich  te n d s  to i n c r e a s e  w i ld f i r e  p o te n t ia l  
(M elend i,  1972). M o s t  t h u n d e r s t o r m s  a r e  c o n c e n t r a t e d  a long  the  
m a in  s u m m i t  r id g e  of the  C o a s t  R ange ; h e n c e ,  l ig h tn in g  s t r i k e s  a s ­
s o c ia te d  w ith  th e m  o r d in a r i l y  a r e  in  a r e a s  of c o n i f e ro u s  f o r e s t  r a t h e r  
th an  in  the  M endoc ino  C h a p a r r a l .
D a y t im e  t e m p e r a t u r e s  c an  be  in  e x c e s s  of 40 d e g r e e s  C. 
d u r in g  the  p e r io d  Ju n e  th ro u g h  O c to b e r .  A t the  s a m e  t im e  t h e r e  is 
v i r tu a l ly  no p re c ip i t a t io n .  The c o m b in a t io n  of th e s e  two f a c to r s  r e ­
su l t s  in  a  s u m m e r  s e a s o n  w h ich  is  c h a r a c t e r i z e d  by  e x t r e m e  f i r e  
d a n g e r .  P r e v a i l i n g  w inds  d is p la y  a  h igh ly  s e a s o n a l  p a t t e r n .  D u rin g  
w in te r ,  w inds  sw e e p  a c r o s s  n o r t h e r n  C a l i fo rn ia ,  g e n e r a l ly  f r o m  the 
sou th  a s  a i r  f low s to w a rd  low p r e s s u r e  c e l l s  m o v in g  f r o m  o v e r  the 
P a c i f ic  O cean  (Coffin , 1955, p. 28).
N o r th e r ly  w inds p re d o m in a te  d u r in g  th e  w a r m  s e a s o n  a s  a
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r e s u l t  of s u b s id in g  c i r c u l a t i o n  a s s o c i a t e d  w ith  the  N o r th  P a c i f i c  a n t i ­
cy c lo n e .  D u rin g  the  s u m m e r  m o n th s  d e s ic c a t in g  n o r th  w inds c a n  o c ­
c u r  w hen  s e v e r e  d ro u g h ty  co n d it io n s  a l r e a d y  a r e  in  e x i s t e n c e .  N o rth  
w inds  m a y  p e r s i s t  f o r  s e v e r a l  day s  in  s u c c e s s io n  w ith  w in d sp e e d s  of 
tw e lv e  to  tw e n ty  km# p e r  h o u r  and  w i th  g u s ts  of tw e n ty - f iv e  to  t h i r t y -  
f ive  k m .  p e r  h o u r  (M e len d i .  1972),
O c c a s io n a l ly  d u r in g  the  s u m m e r  w e s t e r l y  w inds  of m a r in e  
o r ig in  flow in to  the  s tu d y  a r e a .  The C o a s t  R ange  a c t s  a s  a  b a r r i e r  
c r e a t in g  a  r e s e r v o i r  of m a r i n e  a i r  to  the  w e s t .  A t t im e s  th is  a i r  
s p i l l s  o v e r  the  c r e s t  of the  C o a s t  R ange  and  r o a r s  e a s tw a r d  down 
the  l a r g e  s t r e a m  b a s i n s .  A d ia b a t ic  h e a t in g  h e lp s  to  p ro d u c e  a  b l a s t  
of w a r m ,  r e la t iv e ly  d ry  a i r  fu n n e l l in g  down the  c an y o n s .  The w ind  
v e lo c i ty  i s  i n c r e a s e d  e v en  m o r e  a s  the  a i r  i s  c o n s t r i c t e d  a t  the  m o u th s  
o f  the  c an y o n s  - - a  co n d it io n  th a t  in te n s i f ie s  e x ta n t  co n d it io n s  of m a x i ­
m u m  e v a p o r a t io n  in  c o n ju n c t io n  w ith  h ig h  t e m p e r a t u r e  and  s u m m e r  
d ro u g h t .  W e a th e r  p a t t e r n s  of th is  s o r t  tend  to  r a i s e  f i r e  d a n g e r  r a ­
t in g s  to  c r i t i c a l  l e v e l s  - - a s  r e l a t i v e  h u m id i ty  is  e x t r e m e l y  low  an d  
p o te n t ia l  é v a p o t r a n s p i r a t i o n  i s  v e r y  h ig h .
SOILS
S o ils  in  the  M en d o c in o  C h a p a r r a l  p r e s e n t  a  v e r y  l im i te d  p o ­
te n t i a l  f o r  u s a g e  o th e r  th a n  f o r  the  p ro d u c t io n  of n a tu r a l  v e g e ta t io n .  
Sha llow , i n f e r t i l e  s o i l s  a r e  d o m in a n t  th ro u g h o u t  the  a r e a .  W hen the 
a d d i t io n a l  e f fe c ts  of s t e e p n e s s  of s lo p e ,  low  w a t e r  r e te n t io n  and  a
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g e n e r a l ly  im p o v e r i s h e d  co n d i t io n  a r e  c o n s id e r e d ,  i t  i s  a p p a r e n t  th a t  
f u tu r e  so i l  u s e  is  l im i t e d  to  co n d it io n s  a p p r o x im a te  to t h e i r  p r e s e n t  
u s e  (A ppendix  1).
M o s t  b ru s h la n d  s o i l s  h av e  b e e n  s u b je c te d  to  co n tin u ed , bu t 
s l ig h t ,  s h e e t  e r o s io n .  A p re d o m in a n c e  of s te e p  to  v e r y  s te e p  s lo p e s  
h a s  e n h an ced  the  d o w nslope  t r a n s p o r t a t i o n  of s m a l l e r  s o i l  m a t e r i a l s  
(U .S .  D e p a r tm e n t  of A g r i c u l tu r e ,  Soil S u rv ey  of C o lu sa  County , 1968; 
Soil S u rv ey  of G lenn  County , 1968; B egg , 1965; Soil S u rv ey  o f T e h a m a  
C ounty , 1967). S u b se q u en t ly ,  g r a v e l  and  cobb le  m a t e r i a l s  a r e  c o n ­
c e n t r a t e d  in  s u r f a c e  h o r i z o n s .  P r a c t i c a l l y  a l l  of the  s o i l s  w ith in  the 
s tudy  a r e a  a r e  d e s c r ib e d  a s  e i t h e r  s to n y  c lay  lo a m s  o r  g r a v e l ly  
lo a m s .  A c c u m u la t io n  of c o a r s e  s u r f a c e  m a t e r i a l s  h a s  r e s u l t e d  in  
the  f o r m a t io n  of s o i l s  w h ich  a r e  c h a r a c t e r i z e d  by ra p id  p e r m e a b i l i ty ,  
m o d e r a te ly  r a p id  p e r m e a b i l i t y  o r  m o d e r a t e  p e r m e a b i l i ty  in  the s u r -  
f a c e  h o r i z o n  (B egg , 1965, p. 19).
O ccas io n a l^  g u lly in g  of s o m e  s o i l s  is  found to  o c c u r  on s te e p
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s lo p e s .  H o w e v e r ,  p r i m a r i l y  due  to  the  d e n s e  v e g e ta t io n  c o v e r  
th ro u g h o u t  the  s tu d y  a r e a  g u lly in g  h a s  n o t  o c c u r r e d  to  an  a p p re c ia b le ,  
e x te n t .  G o v e rn m e n t  s o i l  s c i e n t i s t s  c o n c u r  th a t  w i ld f i r e  r e m o v a l  of 
the  c h a p a r r a l  c o v e r  cou ld  r e s u l t  in  a c c e l e r a t e d  e r o s i o n  and  c r i t i c a l  
g u lly in g  (See s o i l  s u r v e y s  f o r  C o lu sa ,  G len n  and  T e h a m a  C o u n tie s ) .
P e r u s a l  of T a b le  1 r e v e a l s  th a t  th e  c h e m ic a l  r e a c t io n  of 
m o s t  s o i l  ty p e s  is  e i t h e r  n e u t r a l  o r  s l ig h t ly  to  m o d e r a te l y  a c id  - - a
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c o n d it io n  w h ich  is  to  be e x p e c te d  in  s o i l s  th a t  a r e  c h a r a c t e r i z e d  by 
good to  e x c e s s iv e  d r a in a g e  o r  good d r a in a g e .  A v a i la b le  w a te r  h o ld ­
ing  c a p a c i ty  g e n e r a l ly  is  low - -  v a r y in g  f r o m  ab o u t  0. 5 d m . to  1. 0 
d m . - -  d ep en d in g  upon the  p a r t i c u l a r  s o i l  type  (Soil S u rv ey  of G lenn  
C ounty , 1968, p. 67).
The p r e d o m in a n t  v e g e ta t io n  c o v e r  f o r  m o s t  s o i l  ty p es  i s  a n  
a s s o c i a t i o n  of v a r io u s  c h a p a r r a l  s h r u b s .  S h e e t i ro n  and  J o se p h in e  
s o i l s  a r e  th e  only ones  h a v in g  a  v e g e ta t io n  c o v e r  w h ich  is  d o m in a te d  
by  a m ix tu r e  of c o n i f e r s .  T h e s e  tw o s o i l  ty p es  a r e  t r a n s i t i o n a l  a t  
a n  in t e r m e d ia t e  p o s i t io n  b e tw e e n  lo w e r  a l t i tu d e s  d o m in a te d  by  c h a p ­
a r r a l  v e g e ta t io n  an d  h ig h e r  a l t i tu d e s  c o m p r i s e d  of c o n i fe ro u s  f o r e s t s .  
Only  th a t  p o r t io n  of th e se  tw o s o i l  ty p e s  w h ich  is  t r a n s i t i o n a l  b e tw e e n  
the two m a j o r  v e g e ta t io n  a s s o c i a t i o n s  is  in c lu d e d  in  th is  s tu d y .
Soil f e r t i l i t y  is  r a t e d  only a s  f a i r  f o r  a l l  s o i l  ty p e s  - -  e x c e p t  
the  H en n ek e  s to n y  c la y  lo a m  (w hich  is  r a t e d  a s  v e ry  p o o r) .  S to r ie  
Index  r a t in g s  a r e  low  f o r  a l l  s o i l s  (T a b le  1). A r a t in g  of 10 -19  s i g ­
n if ie s  th a t  s o i l s  in  th is  c l a s s  a r e  of r e s t r i c t e d  u s e  f o r  c u l t iv a te d  
c r o p s  a s  the r e s u l t  of a  v a r i e ty  of l im i t in g  f a c to r s  (A ppendix  1).
S o ils  w h ich  a r e  r a t e d  l e s s  th a n  10 a r e  n o n a g r ic u l tu r a l  and  to ta l ly  
u n s u i te d  f o r  c u l t iv a t io n  (B egg , 1965, p . 7).
L and  w hich  is in c a p a b le  o f c u l t iv a t io n  m a y  be  u t i l i z e d  f o r  
g r a z in g .  H o w ev e r ,  none of th e  p r e v io u s ly  d e s c r ib e d  s o i l  ty p e s  s u p ­
p o r t  v e g e ta t io n  s u i ta b le  f o r  g ra z in g .  G ra z in g  c a p a b i l i ty  in  M en d o c in o
TABLE 1 
SOIL CHARACTERISTICS *
Soil Type Perme­
ability
HEMNEKE 
Stony Clay Loam Per. 
10-30%
Reaction Parent Drainage Erosion Fertility Vegetation 
Material Cover
Neut. Serp.
Rocks
VP
Storie Grazing 
Index Capability
12 VL
HBWEKE 
Stony Clay Loam Per. 
30-5-%
Neut. Serp.
Rocks
VP VL
HENNEKE 
Stony Clay Loam Mod. 
60-65% Per.
N eu t. S e r p .
Rocks
VP VL fO
SHEETIRON 
Gravelly Loam, 
Shallow
30-5-%
Rap. Mod. Acid Sch. G
Sed. Rocks
M 11
LOS GATOS
Gravelly Loam Per. Mod. Acid Sch. R
30-5-% Sed. Rocks
10
MAYMEN
Gravelly Loam Per. SI, Acid Sch. R
30-50% Sed. Rocks
LOS GATOS 
Gravelly Loam Mod.
50-65% Per.
Mod. Acid Sch.
Sed. Rocks
TABLE 1 (continued) 
R 1
MAYMEN-LOS GATOS 
Gravelly Loam Mod,
30-65% Per.
SI. Acid Sch. R
Sed. Rocks
MAYMEN 
Gravelly Loam 
50-65%
Per. SI. Acid Sch. R
Sed. Rocks
MAYMEN-PARRISH 
Gravelly Loam Mod.
30-65% Per.
SI. Acid Meta. Sed.
and 
Sed. Rocks
VL
CSJ
U l
STONYFORD
Gravelly Clay Loam Per. 
50-65%
Neut. Basalt 
and 
Serp. Rocks
VL
MAYMEN 
Gravelly Loam 
50-65% Eroded 
Very Shallow
Per. Mod. Acid Sch.
Sed. Rocks
VL
SHEETIRON 
Gravelly Loam 
30-50% 
Med. Deep
Rap. Mod. Acid Sch. G
Sed. Rocks
0 M 11 VL
TABLE 1 (continued)
JOSEPHINE
Gravelly Loam Per. SI, Acid Sch. R
30-50% Sed. Rocks
M 13
SOURCE: Eugene L. Begg, Soils of Glenn County, California, p. 19.
* See Appendix for explanation of abbreviations.
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C h a p a r r a l  is  d e s c r ib e d  a s  e i t h e r  v e r y  low  o r  s im p ly  in c a p a b le  of 
p ro d u c in g  f o r a g e  fo r  c a t t l e .  C a r r y in g  c a p a c i ty  is  d e f in ed  a s  the  
n u m b e r  of h e c t a r e s  p e r  cow p e r  y e a r .  R a n g e la n d  w ith  a  v e ry  low 
c a r r y in g  c a p a c i ty  r e q u i r e s  in  e x c e s s  of 15 h e c t a r e s  p e r  cow p e r  
y e a r  (B egg , 1965, p. 7).
V a r io u s  e n v i r o n m e n ta l  f a c t o r s  a r e  r e s p o n s ib l e  f o r  the  i m ­
p o v e r i s h e d  n a tu r e  of s o i l s  in  the  s tu d y  a r e a .  H o w e v e r ,  u n fa v o ra b le  
f e a tu r e s  w h ic h  a p p e a r  to  be  m o s t  i m p o r t a n t  a r e  s t e e p n e s s  of s lo p e  
w ith  s u b s e q u e n t  s h a l lo w , ro c k y  s o i l s ;  and  low f e r t i l i t y .
THE C H A P A R R A L
C o o p e r  (1922, p. 7) d e s c r i b e s  c h a p a r r a l  b r u s h  a s :
. . .  a  s h r u b  c o m m u n ity  d o m in a te d  by m a n y  s p e c i e s  b e lo n g in g  to 
g e n e r a  u n r e l a t e d  ta x o n o m ic a l ly ,  b u t  of a  s in g le  c o n s ta n t  e c o lo g i ­
c a l  ty p e ,  the  m o s t  im p o r t a n t  f e a t u r e s  of w h ich  a r e  the  r o o t  
s y s t e m  w h ich  is  e x te n s iv e  in  p r o p o r t io n  to th e  s i z e  of th e  p la n t ,  
d e n s e  r ig i d  b ra n c h in g  and  p r e e m in e n t ly  the l e a f  w h ich  is  s m a l l ,  
th ic k  h e a v i ly  c u t in iz e d  and  e v e r g r e e n .
G e n e r a l ly  th is  type of v e g e ta t io n  is  r e f e r r e d  to  a s  b r o a d -  
s c le r o p h y l l ,  w h ich  in c lu d e s  a  v a r i e t y  of g e n e r a  an d  s p e c i e s .  H ow ­
e v e r ,  s o m e  e x c e p t io n s  o c c u r ,  f o r  e x a m p le ,  A d e n o s to m a  f a s c i c u l a tu m  
(c h a m is e )  h a s  s h o r t  n e e d le - l i k e  l e a v e s  r a t h e r  th a n  the  b r o a d - s c l e r o -  
phy llous  l e a f - ty p e  (M cM inn, 1964, p. 7).
B r o a d - s c l e r o p h y l lo u s  f o r e s t s  a r e  found a lo n g  the  P a c i f i c  
C o a s t  of N o r th  A m e r i c a  - -  r a n g in g  f r o m  S o u th e rn  O re g o n  to  B a ja ,  
C a l i fo rn ia  (C o o p e r ,  1922, p. 21). W ith in  th is  r e g io n  b r o a d - s c l e r o -
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phy llo u s  f o r e s t s  and  c l im a x  c h a p a r r a l  a r e  in  v e r y  c lo s e  h a b i ta t io n  
" . . .  in  th a t  they  o v e r s p r e a d  th e  s a m e  r a n g e  o c cu p y in g  a r e a  of c o m ­
p a r a t i v e l y  s l ig h t  p h y s ic a l  d i f f e r e n c e s  (C o o p e r ,  1922, p. 25)" .
C l im a x  c h a p a r r a l  s h r u b ,  a s  in d ic a te d  by A d e n o s to m a  f a s c i c ­
u la tu m  ( c h a m is e ) ,  is  the  d o m in a n t  p la n t  c o m m u n ity  f r o m  N o r th e r n  
B a ja ,  C a l i fo rn ia  to  a b o u t  4 1 °  N. la t i tu d e  in  N o r th e r n  C a l i fo rn ia  
(C o o p e r ,  1922, p. 26). N o r th w a r d  f r o m  th e r e  b r o a d - s c l e r o p h y l lo u s  
f o r e s t  b e c o m e s  the  d o m in a n t  v e g e ta t io n ,  h o w e v e r ,  s o m e  c h a p a r r a l  
s p e c i e s  c o n tin u e  to o c c u r  a s  u n d e r s t o r y  s h r u b s .
W ie s la n d e r  and  G le a s o n  (1954, p. 3) r e c o g n iz e  C a l i fo rn ia  
b r u s h l a n d s  a s  b e lo n g in g  to  f iv e  c o v e r  ty p e s .  The m o s t  e x te n s iv e  of 
th e s e  is  c h a p a r r a l  s h ru b  w h ich  o c c u p ie s  3. 4 m i l l i o n  h e c t a r e s  in  the  
C a l i f o r n ia  C o a s t  R an g e s  and  S i e r r a - C a s c a d e  fo o th i l l s .  The o th e r  
fo u r  ty p e s  of v e g e ta t io n  in c lu d e  w ood land , w o o d la n d - g r a s s ,  c o a s ta l  
s a g e  and  d e s e r t ,  none of w h ich  a r e  u n d e r  d i r e c t  c o n s id e r a t i o n  in  th is  
s tu d y .  The w o o d la n d - g r a s s  a s s o c i a t i o n  a d jo in s  the  c h a p a r r a l  a long  
the  e a s t e r n  m a r g in s  of the  s tu d y  a r e a  and  w o od land  ( b r o a d - s c l e r o ­
p h y llo u s  f o r e s t )  i s  found n o r th w a r d  f r o m  the  M en d o c in o  C h a p a r r a l .
C h a p a r r a l  is  the  d o m in a n t  type  of v e g e ta t io n  a lo n g  the  e a s t e r n  
s id e  of the  N o r th  C o a s t  R an g e  a t  a l t i tu d e s  of l e s s  th a n  1, 375 m .  C o­
n i f e r o u s  f o r e s t s ,  v a lu ed  f o r  t h e i r  t i m b e r  p ro d u c t io n ,  p r e d o m in a te  
above  th is  a l t i tu d e ;  h o w e v e r ,  e v e n  th e r e  in c lu s io n s  of m o u n ta in  c h a p ­
a r r a l  a r e  found to  o c c u r .
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O c c a s io n a l ly  n a r r o w  s t r i p s  of c o n i fe ro u s  f o r e s t  ex tend  to  a l ­
t i tu d e s  c o n s id e ra b ly  lo w e r  th a n  w h e re  th ey  a r e  o r d in a r i l y  found. U su ­
a l ly  su ch  s t r i p s  a r e  s i tu a te d  on the  n o r th  f a c e s  of v e r y  s te e p  r id g e s  
o r  a r e  found to occupy  n a r r o w  s t r e a m  c an y o n s  w h e re  m o r e  m e s i c  
co n d it io n s  e n su e .  O c c a s io n a l ly  c o n i f e r s  a r e  found a t  e le v a t io n s  a s  
low as  450 m .
M o s t  c h a p a r r a l  is  s h r u b - f o r m  v e g e ta t io n ,  a l th o u g h  i t  m a y  
b e c o m e  t r e e - l i k e  w h e r e  a  n u m b e r  of e n v i r o n m e n ta l  f a c t o r s  a r e  v e ry  
f a v o r a b le .  F o r  e x a m p le ,  U m b e l lu la r i a  c a l i f o r n i c a  (C a l i fo rn ia  l a u r e l )  
an d  A e s c u iu s  c a l i f o r n ic a  (C a l i fo rn ia  b u c k ey e )  m a y  o c c u r  a s  e i t h e r  a  
s h r u b  o r  a  t r e e  (C o o p e r ,  1922, p. 21). S o m e t im e s  i t  i s  d i f f ic u l t  to  
d i s c e r n  the  d i f f e r e n c e  b e tw e e n  the  l a r g e  t r e e - l i k e  f o r m s  of c h a p a r r a l  
and  a  b r o a d - s c l e r o p h y l lo u s  f o r e s t .  H o w e v e r ,  the  b r o a d - s c l e r o p h y l lo u s  
f o r e s t  o r d in a r i l y  in c lu d e s  s o m e  s p e c i e s  of t r e e s  su ch  a s  v a r i e t i e s  of 
Q u e rc u s  (oak), A c e r  (m a p le ) ,  and  A rb u tu s  m e n z i e s i i  (m a d ro n a )  w h ich  
a r e  n o t o r d in a r i l y  a s s o c i a t e d  w ith  c h a p a r r a l  s h r u b s .
S o u th w ard  fa c in g  M en d o c in o  C h a p a r r a l  b r u s h f i e ld s  - -  w h ich  
h a v e  b e e n  u n d i s tu r b e d  f o r  a  m in im u m  of f if ty  y e a r s  - -  c a n  b e c o m e  
e s s e n t i a l l y  im p e n e t r a b le  by m a n  a s  w e l l  a s  s o m e  of th e  l a r g e r  s p e ­
c ie s  of w ild l i fe ,  in c lu d in g  d e e r ,  b e a r  and  m o u n ta in  l io n  ( F ig u r e  8).
In m a n y  p la c e s  the  b r u s h  is  so  d e n se  th a t  a  p e r s o n  m u s t  c r a w l  on 
h a n d s  and k n e e s  fo llow ing  th e  p a th  of l e a s t  r e s i s t a n c e  in  o r d e r  to 
p e n e t r a t e  i t .  In  s ta n d s  of o ld -g r o w th  b r u s h  s o m e t im e s  one is  f o r c e d
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F ig u r e  8. - - I m p e n e t r a b l e  w a ll  of c h a p a r r a l  b r u s h
F ig u r e  9. - - O l d  g ro w th  c h a p a r r a l  b r u s h  is  d if f icu l t  
to p e n e t r a t e
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to w a lk  on top of the  d e n se  m a t ,  and  a t  t im e s  one m ay  find o n e se l f  
s e v e r a l  f e e t  above g ro u n d  le v e l  (F ig u r e  9). C ean o th u s  cu n ea tu s  
(w ed g e lea f  cean o th u s ) ,  in  a  d e n s e  ta n g le ,  is by  f a r  the  m o s t  d iff icu l t  
to t r a v e r s e  of any s p e c i e s .  C. c u n ea tu s  is  a  v e ry  r ig id  p la n t  w ith 
b r a n c h e s  th a t  c u lm in a te  in  s tu r d y  s p in e - l ik e  tw ig s .  S e v e r a l  in d iv id u a l  
p la n ts  in  p ro x im i ty  to one a n o th e r  tend  to b e c o m e  in te r lo c k e d  and  
u n y ie ld in g . M oving u p s lo p e  in  su ch  a tan g le  is  v i r t u a l ly  im p o s s ib le .  
A rc to s ta p h o lo s  spp . (m a n z a n i ta )  a l s o  c a n  be v e r y  d i f f ic u l t  to p e n e t r a t e .  
M an z a n ita  is  the  l a r g e s t  of the c h a p a r r a l  s p e c ie s  found o ccupy ing  
so u th  fa c in g  s lo p e s .  In d iv id u a l  p la n ts  m ay  r e a c h  a h e ig h t  of m o r e  
th a n  fo u r  m e t e r s  and  a  d i a m e t e r  of th r e e  to f iv e  m e t e r s .  W here  
s e v e r a l  b u s h e s  g ro w  in  p ro x im i ty  to  one a n o th e r ,  p a s s a g e  is  s e r i o u s ­
ly r e s t r i c t e d .
C h a m is e ,  the  m o s t  c o m m o n  in h a b i ta n t  of so u th  fa c in g  s lo p e s ,  
o r d in a r i l y  is  m o r e  e a s i ly  t r a v e r s e d  th a n  the l a r g e r  m o r e  r ig id  s p e c ie s  
of b r u s h .  Ind iv idua l p lan ts  r a r e l y  a r e  m o r e  th a n  2 .5  m e t e r s  h igh  
and  u s u a l ly  only ab o u t  o n e - h a l f  the d i a m e te r  of t h e i r  h e ig h t .  D e sp ite  
the  f a c t  th a t  c h a m is e  is  r ig id ,  i t  c an  be p u sh ed  a s id e  to  a llow  p a s ­
s a g e  and  s e ld o m  does  i t  g ro w  in  a n  in te r lo c k in g  ta n g le  s u c h  a s  do 
o th e r  s p e c ie s .
N o r th w a rd  fa c in g  s lo p e s  a l s o  a r e  d e n s e ly  v e g e ta te d .  S e v e ra l  
s p e c ie s  of the genus Q u e rc u s  a r e  c o m m o n ly  found a s  w e ll  a s  m a n ­
z a n i ta ,  G a r r y a  f r e m o n t i a  ( F r e m o n t  s i l k t a s s e l )  an d  a  v a r i e ty  of o th e r
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s h r u b s .  The te n d en cy  to w a rd  m o r e  m e s i c  c o n d i t io n s  on n o r th  s lo p e s  
r e s u l t s  in  m u c h  l a r g e r  m a x im u m  s iz e  of in d iv id u a l  p la n t s .  O r d i n a r ­
ily  n o r th  s lo p e  v e g e ta t io n  is  n o t  a s  d i f f ic u l t  to p e n e t r a t e  a s  is  the  
d e n s e  ta n g le  of sou th  s lo p e  b r u s h f i e ld s .  S p e c ie s  of Q u e rc u s  and 
m a n z a n i ta  g ro w  h igh  enough  th a t  o f ten  one m a y  w a lk  b e n e a th  d e n se  
canopy .
S ig n if ican t  d i f f e r e n c e s  e x i s t  b e tw e e n  M en d o c in o  C h a p a r r a l  
b r u s h la n d s  and  c h a p a r r a l  in  o th e r  p a r t s  of C a l i f o r n ia .  In a  s tudy  of 
c h a p a r r a l  s u c c e s s io n  in  S o u th e rn  C a l i fo rn ia ,  H a n es  (1970, p. 35) 
n o ted  s e v e n ty - e ig h t  s h r u b  s p e c ie s  of w h ich  A d e n o s to m a  f a s c ic u la tu m  
w as  m o s t  f r e q u e n t ly  e n c o u n te r e d .  Q u e rc u s  d u m o s a  and  C ean o th u s  
c r a s s i f o l i a  w e r e  o th e r  s p e c ie s  o f ten  o b s e r v e d  (H a n e s ,  1970, p. 36).
F ie ld  o b s e r v a t io n s  in  the  M endoc ino  C h a p a r r a l  h a v e  y ie ld e d  
s o m e  s i m i l a r i t i e s  and  d i s s i m i l a r i t i e s  w ith  S o u th e rn  C a l i fo rn ia  c h a p ­
a r r a l .  A d e n o s to m a  f a s c i c u l a tu m  is  the  d o m in a n t  c h a p a r r a l  s p e c ie s  
found in  the  s tu d y  a r e a  w h ile  s e v e r a l  s p e c ie s  of C e a n o th u s , A r c t o ­
s tap h o lo s  an d  Q u e rc u s  a r e  of o th e r  g e n e r a  c o m m o n ly  found  th e r e .  
( F o r  a  g e n e r a l  d i s c u s s io n  of c h a p a r r a l  v e g e ta t io n  s e e :  J e p s o n ,  1925;
M unz and  K eck , 1959). F e w e r  th an  o n e - f o u r th  a s  m a n y  s h r u b  s p e c ie s  
a r e  found in  the  M en d o c in o  C h a p a r r a l  a s  H a n es  r e c o r d e d  in  S o u th e rn  
C a l i fo rn ia .  Only e ig h te e n  s p e c ie s  of c h a p a r r a l  b r u s h  o c c u r  in  the  
s tu d y  a r e a  (T ab le  2).
N u m e ro u s  f a c t o r s  a r e  r e s p o n s ib le  f o r  the  f e w e r  n u m b e r  of
TABLE 2
MENDOCINO CHAPARRAL SPECIES *
Scientific Plant Name Common Plant Name Sprouter
or
Non-sprouter
Over-All Browse Value
Cattle Horses Sheep Goats Deer
Adenostoma fasciculatum Chamise Sp. 4-5 5 2-3 2-3 2-3
Aesculus california California buckeye Sp, 4 5 3-4 3-4 1-2
Arctostopholos glandulosa Eastwood manzanita -Sp. 5 5 5 4-5 4-5
Ao patula Greenleaf manzanita Both 5 5 4-5 4-5 3-4
Ceanothus cuneatus Wedgeleaf ceanothus Nso 4 5 2-3 2-3 3
C. integerrimus Deerbrush Both 2-3 3 1-2 1-2 1-2
Cercocarpus betuloides Western Mountain 
Mahogany
Sp. 2 2-4 1-2 1-2 1
Erodictyon californicum California yerba santa Sp. 5 5 4-5 4-5 3-4
Garrya fremontii Fremont silktassel Sp. 4-5 5 2-3 2-3 2-3
Heteromeles arbutifolia Toyon Sp, 5 5 4-5 2 - 3 2-3
Quercus chrysolepis Canyon liveoak Sp. 5 5 5 5 3-4
Q. dumosa California scruboak Sp. 4-5 5 4 2-4 1-2
Qo kellogii California.black oak Sp. 2-4 4-5 3-4 3-4 1-2
TABLE 2 - (continued)
Scientific Plant Name Common Plant Name Sprouter
or
Non-sprouter
Q. wislizenii var. frutescens Scrub interior live
oak
Rhus diverslobia 
R. trilobata
Umbellularia californica
Poison-oak 
Squaw bush 
California bay
Sp.
Sp.
Sp,
Sp,
Over-All Browse Value
Cattle Horses Sheep Goats Deer
4
4-5
4-5
3-4
5
4
5 
5
3-5
4
4
3-4
3-4
4
4
3-4
1 - 2
3-4
3-4
2-3
OJ
1 = excellent 2 = good 3 = fair 4 = poor 5 = useless
* Adapted from Sampson and Jesperson, California Ranee Brushlands and Browse Plants, pp. 146-148
35
s p e c ie s  in  the M endoc ino  C h a p a r r a l .  F i r s t ,  la t i tu d e  w ith  i t s  a t t e n ­
d a n t  in f lu en c e  on c l im a te  p ro b a b ly  is  th e  m o s t  s ig n i f ic a n t  r e a s o n .
As p re v io u s ly  no ted  C o o p er  o b s e r v e d  th a t  a  d e f in i t iv e  change  in  
s c le r o p h y l lo u s  v e g e ta t io n  o c c u r r e d  a t  a p p r o x im a te ly  41°  N. la t i tu d e  
in  C a l i fo rn ia .  L a r g e ly  a s  the r e s u l t  of la t i tu d in a l  p o s i t io n  N o r th e r n  
C a l i fo rn ia  c h a p a r r a l  is  t r a n s i t i o n a l  b e tw e e n  a r e a s  w h ic h  d is p la y  s e a ­
so n a l  x e r i c  q u a l i t i e s  and  a r e a s  w h ich  a r e  m e s i c  c l im a te s .
S o u th e rn  C a l i fo rn ia  v e g e ta t io n  d is p la y s  a n  o p p o s i te  k ind  of 
t r a n s i t i o n .  S p e c ie s  of p la n ts  b e lo n g in g  to  the  c h a p a r r a l  a s s o c ia t i o n  
b o r d e r  upon re g io n s  c h a r a c t e r i z e d  by in c r e a s in g ly  x e r i c  co n d it io n s  
both  s o u th w a rd  and  e a s tw a r d .  V e g e ta t io n  th e r e  o c c u p ie s  a  zone  of 
c l im a t i c  t r a n s i t i o n  b e tw e e n  a  s u b - t r o p i c a l  c l im a te  and  s e m i - a r i d  o r  
a r i d  c l im a te .
S eco n d ly ,  a l t i tu d e  is  a n  i m p o r t a n t  l im i t in g  f a c to r .  In the 
s tudy  a r e a  t e r r a i n  d o m in a te d  by c h a p a r r a l  b r u s h la n d s  is  found to o c ­
c u r  a t  a n  a l t i tu d e  u n d e r  1 ,2 0 0  m .  , w h e r e a s  in  S o u th e rn  C a l i fo rn ia  
H a n e s '  (1970, p. 34) s tudy  s u g g e s t s  m a x im u m  a l t i tu d e  f o r  con tinuous  
c h a p a r r a l  s h r u b  c o v e r  to be a p p r o x im a te ly  1 ,5 2 5  m .  S o u th - fa c in g  
b r u s h f i e ld s  in  the M endoc ino  C h a p a r r a l  a r e  a lm o s t  p u r e  s ta n d s  of 
c h a m is e ,  e x ten d in g  f r o m  a b o u t  485 m .  to ab o u t  770 m .  A bove th is  
le v e l  i n c r e a s i n g  a m o u n ts  of w e d g e le a f  c ea n o th u s  and  m a n z a n i t a  a r e  
i n te r m ix e d  w ith  the s t i l l  d o m in a n t  c h a m i s e .  O c c a s io n a l ly ,  b r u s h ­
f ie ld s  a t  h ig h e r  a l t i tu d e s  e n c o m p a s s in g  s e v e r a l  h u n d re d  h e c t a r e s
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a r e  a l m o s t  e v e n ly  d iv id ed  b e tw e e n  two s p e c ie s  - -  A d e n o s to m a  
f a s c ic u la tu m  and  C ean o th u s  c u n e a tu s  ( F ig u r e  10).
A l t i tu d e  a p p e a r s  to  be  a  l e s s  im p o r ta n t  d e t e r m in a n t  of s p e ­
c ie s  ty p es  on n o r th  fa c in g  s lo p e s .  T h e re  the  s a m e  s p e c ie s  of c h a p ­
a r r a l  b r u s h  a r e  o b s e r v e d  f r o m  low a l t i tu d e  to  h igh  a l t i tu d e .  M ain  
d i f f e r e n c e s  o c c u r  s im p ly  a s  a n  e x p r e s s io n  of c h a n g e s  in  the  v o lu m e  
of woody m a t e r i a l  r a t h e r  th a n  in  ch an g es  of s p e c ie s  ty p e s .
T h i rd ,  a l l  of the s tu d y  a r e a  is  s i tu a te d  e a s t  of th e  c r e s t  of 
the n o r th - s o u th  t r e n d in g  C o a s t  R ange . M endoc ino  C h a p a r r a l  is  in  the 
r a in - s h a d o w  of the  h ig h e s t  C o a s t  R ange p e a k s .  P r e c i p i t a t i o n  d e ­
c r e a s e s  in  a m o u n t  f r o m  w e s t  to e a s t  and  w ith  a  d e c r e a s e  in  a l t i tu d e .
F o u r th ,  s o i l  ty p e s  a r e  d e c id e d ly  d i f f e r e n t  in  th e  s tu d y  a r e a  
than  th o se  found in  S o u th e rn  C a l i fo rn ia .  S teep  s lo p e s  o r d in a r i l y  p o s ­
s e s s  th in ,  ro c k y  s o i l s  w h ich  d is p la y  a t  l e a s t  s o m e  s h e e t  e r o s i o n  and 
g u lly ing . S o ils  occu p y in g  g e n t le  s lo p e s  a r e  no t only d e e p e r  and  
c h a r a c t e r i z e d  by l e s s  s h e e t  e r o s io n  and  gu lly in g ,  bu t th ey  a l s o  h av e  
b e t t e r  w a t e r  r e te n t io n  c a p a b i l i t i e s .
H enneke  s o i l s ,  w h ich  h av e  b e e n  d e r iv e d  f r o m  s e r p e n t in e  p a r ­
e n t  m a t e r i a l ,  a r e  in f e r t i l e  b e c a u s e  th e r e  is  a  v e ry  low  r a t i o  of c a l ­
c iu m  to m a g n e s iu m  (Soil S u rv ey  of G lenn  C ounty , 1968, p . 32). V eg­
e ta t io n  ty p ic a l ly  o ccu p y in g  H enneke  s o i l s  is  im p o v e r i s h e d  look ing , 
and  n o w h e re  on  th e s e  s o i l s  d o e s  i t  y ie ld  the  s a m e  v o lu m e s  th a t  i t  
d o es  on s o i l s  d e r iv e d  f r o m  m e t a s e d im e n ta r y ,  m e ta v o lc a n ic  o r  s e d i -
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m e n ta r y  r o c k s .
C ean o th u s  je p s o n i i  is  a n  in d ic a to r  sh ru b  w h ic h  is  v e r y  u s e ­
ful in  the  d e te r m in a t io n  of the  lo c a t io n  of H enneke  s o i l s .  In no 
o th e r  p la c e  in  the e n t i r e  s tudy  a r e a  w as C ean o th u s  j e p s o n i i  o b s e r v e d  
to  g ro w  e x c e p t  in  a r e a s  c h a r a c t e r i z e d  by s e r p e n t in e  p a r e n t  m a t e r i a l .  
C h a m ise  b r u s h  is  s e ld o m  found to o c c u r  on H enneke  s o i l s ,  b u t  if i t  
does  o c c u r  o r d in a r i l y  i t  i s  only in  m a r g i n a l  p r o x im i ty  s i tu a te d  a long  
the g eo lo g ic  c o n ta c t  of s e r p e n t in e  and  s c h i s t o s e  s e d i m e n t a r y  ro c k s .  
E a s i ly  d i s c e r n e d  p a t t e r n s  of v e g e ta t io n  d i s t r ib u t io n  o c c u r  a s  a  r e s u l t  
of th is  ( F ig u r e  11).
F in a l ly ,  no d i s c u s s io n  of the  c h a p a r r a l  w ou ld  be c o m p le te  
w ith o u t  a t  l e a s t  s o m e  c o m m e n t  upon  the  u t i l i ty  of c h a p a r r a l  b r u s h .  
S a m p s o n  and  J e s p e r s o n  (1963, p. 3) h a v e  r a t e d  the  o v e r a l l  b ro w s e  
va lue  of c h a p a r r a l  s p e c i e s  f o r  l iv e s to c k  and  d e e r  (T a b le  2). C h a m is e ,  
the  m o s t  c o m m o n ly  found s h ru b  in  the  s tu d y  a r e a  is  r a t e d  p o o r  to u s e ­
l e s s  f o r  h o r s e s  and  c a t t le  b u t  a s  good to  f a i r  f o r  s h e e p ,  g o a ts  and  
d e e r .  B i s s e l l  and  W e ir  (1957, p. 479) t e s t e d  the  to ta l  d ig e s t ib le  n u ­
t r i e n t  c o n te n t  of c h a m is e  s p r o u t s  and  s e e d l in g s .  T h e i r  r e s e a r c h  r e ­
v e a le d  th a t  i t s  v a lue  a s  a  fe e d  f o r  s h e e p  and d e e r  w a s  only s l ig h t ly  
l e s s  th an  th a t  of a l f a l fa .  W ed g e lea f  c e a n o th u s  is  r a t e d  p o o r  to u s e ­
l e s s  fo r  h o r s e s  and c a t t le  bu t a g a in  good to  f a i r  f o r  s h e e p ,  goa ts  
and d e e r .  C e r c o c a r p u s  b e tu lo id e s  ( w e s t e r n  m o u n ta in  m ah o g an y )  
w h ich  is  found a t  v a r io u s  s i t e s  th ro u g h o u t  the  r e s e a r c h  a r e a  is  r a t e d
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F i g u r e  10. - - O c c a s i o n a l l y ,  b r u s h f i e ld s  a t  h ig h e r  a l ­
t i tu d e s  a r e  a l m o s t  e v en ly  d iv id ed  b e tw e e n  
two s p e c i e s  - -  A d e n o s to m a  f a s c i c u l a tu m  
an d  C ea n o th u s  c u n e a tu s
F ig u r e  11. - - S p a r s e  v e g e ta t io n  o c c u r s  on H enneke  s o i l s  
d e r iv e d  f r o m  s e r p e n t in e ,  and  d e n se  v e g e ­
ta t io n  o c c u r s  on  s o i l s  d e r iv e d  f r o m  m e t a -  
m o r p h i c  ro c k s
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a s  good to e x c e l le n t  fo r  bo th  l i v e s to c k  and  d e e r .  M o u n ta in  m a h o g an y  
h a s  the  h ig h e s t  o v e r a l l  r a t in g  of an y  c h a p a r r a l  s p e c ie s  n a t iv e  to the  
r e s e a r c h  a r e a .  On the  c o n t r a r y ,  the  two s p e c ie s  of m a n z a n i ta  found  
h e r e  a r e  ra n k e d  a s  p o o r  to  u s e l e s s  a s  b r o w s e  f o r  e i t h e r  l iv e s to c k  o r  
d e e r .
C H A P T E R  II
TH E R E SE A R C H  P R O B L E M
In the  op en in g  s t a t e m e n t s  of th is  r e s e a r c h  s tudy  i t  w as  no ted  
th a t  c h a p a r r a l  v e g e ta t io n  is  of l i t t l e  d i r e c t  v a lu e  a t  the p r e s e n t  t im e .
I t  w ould  be  e n l ig h te n in g  to  v iew  the  M endoc ino  C h a p a r r a l  in  a  h i s t o r i c  
c o n tex t .  M en d o c in o  C h a p a r r a l  b r u s h la n d s  w e r e  once  in c lu d e d  in  a 
p io n e e r  eco n o m y  b u t  g ra d u a l ly  w e r e  p h a s e d  ou t a s  the  tw e n t ie th  c e n ­
tu ry  p r o g r e s s e d .
S ince  th e  a b a n d o n m e n t  of the  M endoc ino  C h a p a r r a l  by e a r ly  
s e t t l e r s  th e s e  la n d s  h a v e  b e e n  w i th d ra w n  f r o m  d i r e c t  u t i l i z a t io n  and  
p la c e d  u n d e r  the  c o n t r o l  of the  U nited  S ta te s  F o r e s t  S e r v ic e .  P u b l ic  
p o l ic y ,  a s  a d m i n i s t e r e d  by the  U .S .  F .  S. , h a s  b e e n  one of  only  m a r ­
g in a l  m a n a g e m e n t .  B a s ic a l ly  th a t  p o licy  is  one of to ta l  w i ld f i r e  e x ­
c lu s io n  w h ich  h a s  r e s u l t e d  in  the  f o r m u la t io n  of lan d  m a n a g e m e n t  
p r a c t i c e s  su ch  a s  the  f u e l - b r e a k  s y s t e m .  A few  s e l e c t  a r e a s  h a v e  
u n d e rg o n e  the c o n v e r s io n  of v e g e ta t io n  ty p e s  f r o m  c h a p a r r a l  to  g r a s s ­
la n d .  H o w ev e r ,  th e  m a jo r i t y  of the M endoc ino  C h a p a r r a l  a r e a  is  
only  p a s s iv e ly  m a n a g e d .
The p o s s ib le  d e le t e r io u s  e f fe c ts  of w i ld f i r e  a r e  a n  im p o r t a n t
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c o n s id e r a t io n  in  the m a n a g e m e n t  of th e  M endoc ino  C h a p a r r a l .  I t  is  
p o s s ib le  th a t  the r e s o u r c e  p o te n t ia l  of the  M en d o c in o  C h a p a r r a l  m ay  
be g r e a t ly  en h an ced  upon the  im p le m e n ta t io n  of a  m o r e  in te n s iv e  m a n ­
a g e m e n t  p la n  w hile  a t  the s a m e  t im e  the  d e l e t e r i o u s  e f fe c ts  of w i ld ­
f i r e  m a y  b e  g r e a t ly  re d u c e d .
The p re c e e d in g  s u b je c t s  w i l l  b e  c o n s id e r e d  in  the  f i r s t  p a r t s  
of C h a p te r  II. The f in a l  p a g e s  w i l l  be  d e v o ted  to  the  s t a t e m e n t  of 
the m a in  r e s e a r c h  h y p o th e s i s  and  fo u r  s u p p o r t iv e  h y p o th e s e s .
TH E M ENDOCINO C H A P A R R A L
C h a p a r r a l  b r u s h la n d s  lo c a te d  in  the r e s e a r c h  a r e a  a r e  l a r g e ly  
c o n t ro l le d  by the  F e d e r a l  G o v e rn m e n t .  C u r io u s ly  enough , the  U .S . 
F o r e s t  S e r v ic e  w as c h a r g e d  w ith  th e  r e s p o n s ib i l i t y  of a d m in i s t e r in g  
c h a p a r r a l  b ru s h la n d s  ev en  though  th e s e  la n d s  a r e  o r d in a r i l y  in c a p a b le  
of f o r e s t  p ro d u c t io n .  W hen the  M endoc ino  N a t io n a l  F o r e s t  w as  i n s t i ­
tu ted  in  1907  the  F o r e s t  S e r v ic e  w as d i r e c t e d  to  en g ag e  in  the  t a s k  
of m a n a g in g  m o u n ta in  la n d s  f o r  t h e i r  y ie ld  of " t i m b e r  a n d  w a t e r "
(T he M endoc ino  N a t io n a l  F o r e s t ,  A d m in i s t r a t iv e  F i l e s ) .  N a tu ra l ly  
the  m o u n ta in o u s  a r e a s  of c o n i fe ro u s  f o r e s t  w e r e  to  b e  m a n a g e d  f o r  
t h e i r  y ie ld  of t im b e r ,  and a s  the  d e m a n d  f o r  t i m b e r  p r o d u c ts  h a s  in ­
c r e a s e d  f o r e s t  m a n a g e m e n t  te c h n iq u e s  h a v e  b e e n  in te n s i f ie d .  H o w ev e r ,  
s in c e  M endoc ino  C h a p a r r a l  h a s  long  b e e n  c o n s id e r e d  a s  hav in g  only 
m a r g in a l  u t i l i ty  no c o m p re h e n s iv e  m a n a g e m e n t  p la n  h a s  ev o lv ed .
P r i o r  to the  c r e a t i o n  of the  M en d o c in o  N a t io n a l  F o r e s t  the
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c h a p a r r a l  b r u s h la n d s  w e r e  u se d  by h o m e s t e a d e r s .  The  r e s o u r c e  
b a s e  w as im p o v e r i s h e d  and  only f a v o re d  s p o ts  th ro u g h o u t  the b r u s h -  
lan d  a r e a s  cou ld  s u p p o r t  a  s in g le  h o m e s te a d  fa m ily  if  t h e r e  w as  a m ­
ple  s p r in g  w a t e r  f o r  d o m e s t ic  u s e  and  p e r h a p s  a  g lad e  th a t  cou ld  p r o ­
v ide  s o m e  p a s t u r a g e  f o r  a  few d o m e s t ic  l iv e s to c k .  R e m n a n t  ap p le  
t r e e s  o f ten  a r e  a l l  th a t  r e m a i n  to  m a r k  the  h o m e  s i t e s  of th e s e  e a r l y -  
day p i o n e e r s .  E x c e p t  f o r  the  few  s i t e s  w h ich  b e c a m e  p a te n te d  la n d  
c l a i m s ,  the m a j o r i t y  of the  c h a p a r r a l  b r u s h la n d s  r e m a in e d  in  the  
pu b lic  d o m a in .  H o m e s t e a d e r s  f r o m  the  S a c r a m e n to  V a l ley  an d  a d j a ­
c e n t  c o a s t  r a n g e  fo o th i l l s  u t i l iz e d  the b r u s h la n d s  f o r  p a s tu r a g e  of 
g o a ts  and  c a t t l e  ( B u rc h a m ,  1956, pp. 6 2 -6 4 ) .  G o a ts  b r o w s e d  the  
b r u s h f i e ld s  th e  y e a r  ro u n d  w h ile  c a t t l e  r a n g e d  only  s e a s o n a l ly .
T h e se  s e t t l e r s  h a d  a r r i v e d  a t  the  c u s to m  of o c c a s io n a l ly  ig n i t in g  the  
b r u s h la n d s  d u r in g  the F a l l  s e a s o n  to im p r o v e  the  b r o w s e  c a p a b i l i t i e s  
f o r  d o m e s t ic  l i v e s to c k  d u r in g  the  fo l lo w in g  s p r in g  an d  s u m m e r  s e a ­
so n s  (W hitlock , 1970). N e a r  th e  t u r n  of the  tw e n t ie th  c e n tu r y  the  d e ­
m a n d  f o r  m o h a i r  d e c r e a s e d  and  g o a t  h u s b a n d r y  in  th e  c h a p a r r a l  v e r y  
r a p id ly  d e c l in e d  a s  a  r e s u l t  of the  chang ing  e c o n o m y . H o m e s te a d e r s  
in  the  c h a p a r r a l  w e r e  f o r c e d  to  m o v e ,  an d  the  u s e  o f  the  c h a p a r r a l  
b ru s h la n d s  f o r  l i v e s to c k  g ra z in g  b e c a m e  e n t i r e ly  s e a s o n a l .
D e sp i te  the  f a c t  th a t  the  F o r e s t  S e rv ic e  w as  c h a r g e d  w ith  c o n ­
t r o l l in g  the M en d o c in o  C h a p a r r a l  f o r  i ts  w a te r  r e s o u r c e s  t h e r e  h a s  
b e e n  no c o m p r e h e n s iv e  m a n a g e m e n t  p la n  to i n c r e a s e  e i t h e r  w a t e r
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y ie ld  o r  w a te r  q u a l i ty .  In e s s e n c e ,  the  b r u s h la n d s  h av e  b e e n  only  
m a r g in a l ly  m a n a g e d ,  p e r h a p s  in  p a r t  b e c a u s e  of th e  p o licy  of f i r e  
e x c lu s io n .  F i r e  e x c lu s io n  p o l ic ie s  w e r e  ad o p ted  by the  U .S .  F o r e s t  
S e rv ic e  to  p r o t e c t  w a t e r s h e d s  f r o m  the  d e l e t e r i o u s  e f fe c t s  of w i ld f i r e  
w h ich  o r d in a r i l y  is  d i r e c t ly  a s s o c i a t e d  w ith  s u b s e q u e n t  a c c e l e r a t i o n  
of e r o s io n .  R a th e r  th a n  c o n t ro l l in g  and  m a n a g in g  the  v e g e ta t io n  in  
w a te r s h e d s  i t  h a s  b e e n  p r o t e c t e d .  T he e f fe c t s  of a  d e n se  v e g e ta t io n  
c o v e r  w ith  a  c a p a b i l i ty  f o r  é v a p o t r a n s p i r a t i o n  of h u g e  q u a n t i t ie s  of 
w a t e r  h av e  no t e v e n  b e e n  c o n s id e r e d .  I t  is  s im p ly  a s s u m e d  th a t  to ta l  
p r o t e c t io n  of the  c h a p a r r a l  w i l l  y ie ld  m a x im u m  w a t e r .  A d d it io n a l ly ,  
the  a s p e c t  of w a t e r  q u a l i ty  h a s  n o t  b e e n  th o ro u g h ly  e x a m in e d  e x c e p t  
to co n ten d  th a t  i t  r a d i c a l l y  d e t e r i o r a t e s  a s  the  r e s u l t  of w i ld f i r e .  
H e n ce ,  f o r  the l a s t  s ix ty - f i v e  y e a r s  p u b l ic  p o l ic y  h a s  b e e n  one of 
f i r e  e x c lu s io n  in  the  M en d o c in o  C h a p a r r a l .
E v e n  s in c e  the  m u l t i p l e - u s e  c o n c e p t  h a s  b e e n  in s t i tu te d  in  
the  m a n a g e m e n t  of p u b lic  la n d s  i t  h a s  n o t  b e e n  a p p l ie d  to the  M e n ­
d o c in o  C h a p a r r a l  in  any  k in d  of c o n c e r t e d  e f f o r t .  B e s id e s  i t s  y ie ld  
of w a te r  the  c h a p a r r a l  c a n  s u p p o r t  a  v a r i e t y  of a n im a l s  and  b i r d s .
I t  can  p ro v id e  s o m e  f o r a g e  f o r  l i v e s to c k ,  and  i t  h a s  a  p o te n t ia l  f o r  
r e c r e a t i o n .
N u m e ro u s  w i ld f i r e s  h a v e  o c c u r r e d  d e s p i t e  the p o licy  of f i r e  
e x c lu s io n ,  and  s e v e r a l  of t h e s e  f i r e s  h a v e  b u r n e d  o v e r  te n s  of th o u ­
s a n d s  of h a .  F i r e  r e c o r d s  m a in ta in e d  by  the  U .S .  F o r e s t  S e r v ic e
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a l le g e  th a t  m o s t  w i ld f i r e s  h a v e  b e e n  d e l ib e r a t e ly  ig n i te d  by l iv e s to c k  
r a n c h e r s  (T he  M en d o c in o  N a tio n a l  F o r e s t ,  A d m in i s t r a t i v e  F i l e s ) .
M any r a n c h e r s  and  c o n s e r v a t io n  g ro u p s  h a v e  lo b b ied  f o r  a  ch an g e  in  
the  to ta l  f i r e  e x c lu s io n  p o licy  of the  U .S .  F o r e s t  S e r v i c e ,  b u t  on a 
p o licy  l e v e l  the  S e r v ic e  is  s t i l l  a d a m a n t ly  o p p o sed  to  ch an g e .
The f a c t  r e m a i n s  th a t  no c o m p r e h e n s iv e  a n a ly s i s  o r  m a n a g e ­
m e n t  p la n  h a s  b e e n  in s t i tu te d  in  the  r e s e a r c h  a r e a  f o r  th e  c h a p a r r a l  
b r u s h la n d s  c o n t ro l le d  by the  U .S .  F o r e s t  S e r v ic e .  M a jo r  e m p h a s i s  
is  p la c e d  upon  f i r e  e x c lu s io n  b e c a u s e  of the  s u p p o se d  d a m a g e  to 
w a te r s h e d s  and  th e  d a n g e r  of f i r e  s p r e a d in g  in to  v a lu a b le  t im b e r la n d s  
a d ja c e n t  to  the  c h a p a r r a l  b r u s h l a n d s .  T h e r e  c a n  b e  no v ia b le  c o m ­
p r e h e n s iv e  m a n a g e m e n t  p la n  u n t i l  th e  p o te n t ia l  of the  c h a p a r r a l  
b r u s h la n d s  is  fu l ly  a s s e s s e d .  F u r t h e r ,  i t  is  h e r e i n  c o n te n d e d  th a t  
u n t i l  a  c o m p r e h e n s iv e  m a n a g e m e n t  p la n  is  d e v e lo p e d  th e  r e s o u r c e  p o ­
te n t ia l  of c h a p a r r a l  b r u s h la n d s  is  b e in g  g r o s s l y  u n d e r e s t i m a t e d .  In ­
e f fe c t iv e  p i e c e - m e a l  p r o g r a m s  a r e  the  n o r m .  Two of th e s e  w il l  be  
b r i e f ly  c o n s id e r e d  in  the  fo llow ing  s e c t io n .
F u e l  B r e a k s
T he  U .S .  F o r e s t  S e r v ic e  is  on the  v e r g e  o f  im p le m e n t in g  a 
m a s s iv e  f u e l - b r e a k  s y s t e m  to r e d u c e  p o te n t ia l  f i r e  h a z a r d .  B a s ic a l ly ,  
the  f u e l - b r e a k  s y s t e m  is  a  p r o g r a m  of a c t i o n  in  w h ich  fu e l  - -  c h a p ­
a r r a l  b r u s h  - -  w il l  be  c l e a r e d  in  a  s t r i p  a t  l e a s t  one h u n d re d  m e t e r s  
w ide  a lo n g  r id g e  tops  th ro u g h o u t  the  M en d o c in o  C h a p a r r a l  ( F ig u r e  12).
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In m o s t  in s t a n c e s  the b r u s h  w il l  b e  m e c h a n ic a l ly  t r e a t e d  - -  th a t  is  
c r u s h e d  w ith  a  b u l ld o z e r  and  th e n  b u rn e d  a f t e r  i t  h a s  h a d  s u f f ic ie n t  
d ry in g  t im e .  The c l e a r e d  s t r i p  w il l  b e  p la n te d  to  h a r d y  ty p e s  of 
sh a llo w  ro o te d  p e r e n n ia l  g r a s s e s .  G r a s s e s  w il l  s t a b i l i z e  s u r f a c e  s o i l  
m a t e r i a l s  a n d  a t  the s a m e  t im e  w il l  r e d u c e  f i r e  h a z a r d .  D u rin g  the 
h o t ,  d ry  s u m m e r  s e a s o n  g r a s s e s  a r e  s u s c e p t ib le  to  f i r e ,  b u t  the 
s m a l l e r  v o lu m e  of fu e l  in  c o m p a r i s o n  to  b ru s h  r e s u l t s  in  l e s s  h a z ­
a r d o u s  an d  l e s s  c o s t ly  s u p p r e s s io n  ( F ig u r e  13).
The f u e l - b r e a k  s y s t e m  is  on ly  a  s to p  gap  m e a s u r e  w hich  is  
the  t r e a t m e n t  of the e f fe c ts  of m i s m a n a g e m e n t  of c h a p a r r a l  b r u s h ­
la n d s .  D odge (1972, p. 141) c o n ten d s  th a t  " . . .  fu e l  b r e a k s  do no t 
e l i m i n a t e  the  p ro b le m  of fu e l  a c c u m u la t io n ,  they  m e r e l y  d iv ide  i t  
up . " R id g e  to p s  h av e  b e e n  s e l e c t e d  a s  p la c e s  of e m b a t t l e m e n t .  A b ­
s o lu te ly  no a t t e m p t  h a s  b e e n  m a d e  a t  d ev e lo p in g  a n  a s s e s s m e n t  of 
the  r e s o u r c e  p o te n t ia l  of th o se  c h a p a r r a l  b r u s h la n d s  s u r r o u n d e d  by 
f u e l - b r e a k  and  in  no w ay  w il l  th o se  a r e a s  be  p r o te c te d  f r o m  f i r e .
The f u e l - b r e a k  s y s t e m  s im p ly  is  a  m e a s u r e  d e s ig n e d  to p ro h ib i t  the 
p o s s ib i l i ty  of a  s in g le  m a s s i v e  c o n f la g ra t io n .  N e i th e r  c an  the s y s t e m  
p r e v e n t  the o c c u r r e n c e  of n u m e ro u s  w i ld f i r e s  w ith  s u b s e q u e n t  " d a m ­
a g e "  in  any n u m b e r  of a r e a s  c o n ta in e d  by f u e l - b r e a k s .
N ot only d o es  the  f u e l - b r e a k  s y s t e m  s im p ly  t r e a t  the  e f fe c ts  
of a  p r o b le m  r a t h e r  th an  i t s  c a u s e s ,  i t  a l s o  is  a  s h o r t  t e r m  i n v e s t ­
m e n t .  U n le s s  f u e l - b r e a k s  u n d e rg o  p e r io d ic  c h e m ic a l  t r e a t m e n t  c h a p -
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F ig u r e  12. - -  F u e l - b r e a k s  in  the  M endoc ino  C h a p a r r a l
r?'>T-V ,-•'
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F ig u r e  13. - - A f u e l - b r e a k  p la n te d  to  g r a s s e s  to  re d u c e  
w i ld f i r e  h a z a r d  by re d u c in g  fue l v o lu m e
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a r r a l  s p e c ie s  w il l  r a p id ly  r e in v a d e  th e m . A g r e a t  d e a l  of p e r s i s t e n c e  
w i l l  be n eed ed  if the  g r a s s e s  p la n te d  in  the  b r e a k s  a r e  to  b e c o m e  p e r ­
m a n e n t ly  e s t a b l i s h e d .  P r o g r a m s  of f e r t i l i z a t i o n  and  r e s e e d in g  p lus  
c h e m ic a l  t r e a t m e n t  to  p r o h ib i t  r e i n c r o a c h m e n t  of c h a p a r r a l  s p e c ie s  
w il l  need  to  be f in a n c e d  and  im p le m e n te d .  F in a l ly  f r o m  a n  a e s th e t i c  
v iew p o in t  the  f u e l - b r e a k s  a r e  a  t e m p o r a r y  m a n  m a d e  m o n s t r o s i t y  i m ­
p r e s s e d  upon  w h a t e s s e n t i a l l y  is  a  w i ld e r n e s s  l a n d s c a p e .
C h a m is e  C o n v e r s io n
The M en d o c in o  N a tio n a l  F o r e s t  h a s  in v e s te d  s o m e  funds in  
the  c o n v e r s io n  of c h a m i s e  c h a p a r r a l  to  g r a s s l a n d s  - -  th e  a im  of w h ich  
is  the  s o lu t io n  of s o m e  c h a p a r r a l  b r u s h la n d  m a n a g e m e n t  p r o b le m s .
A s a  r e s u l t  of th is  p r o g r a m  the  U .S .  F o r e s t  S e r v ic e  r e c o g n iz e s  the  
p o te n t ia l  of s o m e  a r e a s  of c h a p a r r a l  b r u s h la n d s  and  h a s  b e c o m e  i n ­
v o lv ed  in  the  c o n v e r s io n  of b r u s h  to  g r a s s l a n d .  F a c t o r s  su ch  a s  
w a t e r  y ie ld ,  g r a s s l a n d  r a n g e  q u a l i ty ,  f i r e  c o n t r o l  and  r e ju v e n a t io n  of 
w ild l i fe  h a b i ta t s  a r e  e n h a n c e d  by su c h  a  p r o g r a m .  U n fo r tu n a te ly  only 
a  s m a l l  p e r c e n ta g e  of the  to ta l  a r e a  of c h a p a r r a l  b r u s h la n d s  h a s  a  
c o m b in a t io n  of p h y s ic a l  f a c t o r s  f a v o r a b le  to  c o n v e r s io n  (B en t le y ,  1965, 
pp. 7 -9 ) .  A t the  p r e s e n t  t im e  only  th o s e  a r e a s  c h a r a c t e r i z e d  by s o i l s  
c ap a b le  of p ro d u c in g  g r a s s e s  h a v e  b e e n  m a n a g e d  in  a c c o r d a n c e  w ith  
th is  p lan . C o n v e r s io n  s i t e s  th a t  h a v e  b e e n  c h o s e n  f o r  t r e a t m e n t  a r e  
o n es  w ith  r e l a t iv e ly  d e ep  s o i l  an d  w h ich  o c c u r  on  s lo p e s  of l e s s  th an  
40 p e r c e n t  ( F ig u r e  14).
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F ig u r e  14, - -  B r u s h  c o n v e r s io n  s i t e s  a r e  in  a r e a s  w ith  
r e l a t iv e ly  d e ep  s o i l  a n d  on s lo p e s  of l e s s  
th a n  40 p e r c e n t
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In the  l a s t  d e c a d e  a p p r o x im a te ly  1 , 0 0 0  h a .  of c h a p a r r a l  
b r u s h la n d s  h av e  b e e n  c o n v e r te d  in to  g r a s s l a n d s  in  the  G r in d s to n e  
B a s in  P r o j e c t  (T he  M en d o c in o  N a t io n a l  F o r e s t ,  A d m in i s t r a t i v e  F i l e s ) .  
Indeed  th is  is  a  v e r y  m e a g e r  s t a r t  w hen  one c o n s id e r s  the  f a c t  th a t  
t h e r e  a r e  m a n y  th o u s a n d s  of h e c t a r e s  of c h a p a r r a l  b r u s h la n d s  in  the  
M en d o c in o  N a tio n a l  F o r e s t  in  n e ed  of t r e a t m e n t .  An o v e rw h e lm in g  
m a jo r i t y  of the  c h a p a r r a l  b r u s h la n d s  c a n  no t be  t r e a t e d  an d  c o n v e r te d  
in to  g r a s s l a n d  b e c a u s e  e i t h e r  the  to p o g ra p h y  is  too  s t e e p  o r  the  s u r ­
fa c e  is  too  ru g g e d .  T h e s e  m a n y  th o u s a n d s  of a c r e s  of c h a p a r r a l  
b r u s h la n d s  w h ich  a r e  in c a p a b le  of c o n v e r s io n  in to  g r a s s e s  p r e s e n t  a  
l e v e l  of f i r e  p o te n t ia l  w h ich  is  p r a c t i c a l l y  beyond  d e s c r ip t i o n .
W IL D F IR E  AND C H A P A R R A L
The ro le  of w i ld f i r e  in  the  d i s t r i b u t io n  of c h a p a r r a l  b r u s h ­
la n d s  is  w id e ly  a c k n o w le d g e d .  ‘ C h a p a r r a l  s p e c ie s  a p p a r e n t ly  m u s t  be  
a d a p te d  to  r e c o v e r y  a f t e r  b u rn in g  b e c a u s e  of the  in e v i ta b i l i ty  of o c ­
c a s io n a l  f i r e  in  su c h  d e n s e ,  w oody v e g e ta t io n  w hich  is  p e r io d ic a l ly  
s u b je c te d  to  e x t r e m e  d ro u g h t .  The s e a s o n a l ly  d ro u g h ty  c l im a te ,  in  
c o n ju n c t io n  w ith  the  h ig h  d e n s i ty  of th e  v e g e ta t io n  c o v e r ,  m a k e s  c h a p ­
a r r a l  one o f  the  m o s t  f i r e - s u s c e p t i b l e  v e g e ta t io n  ty p e s  in  the  w o r ld  
(L e w is ,  1961 , p. 13). C a t a s t r o p h ic  w i ld f i r e s  o c c u r  in  c h a p a r r a l  
b r u s h la n d s  in  v a r io u s  p a r t s  of the  g lo b e ,  e s p e c ia l l y  in  th o s e  a r e a s  
w h e re  the  a m o u n t  of d ry  w oody m a t e r i a l  h a s  m a x im iz e d  and  w h e re  the  
in c id e n c e  o f p ro lo n g e d  s u m m e r  d ro u g h t  h a s  r e s u l t e d  in  d r a s t i c  r e d u c ­
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tio n  of th e  m o i s t u r e  c o n ten t  of the  c h a p a r r a l  s h ru b s  (Z in k e , 1961, p. 
2 1 ).
A b u n d an t  s c ie n t i f i c  l i t e r a t u r e  e x i s t s  on the  s u c c e s s i o n  of 
c h a p a r r a l  s p e c ie s  in  a r e a s  w h ich  h a v e  b e e n  s u b je c te d  to w i ld f i r e  and 
a l s o  in  a r e a s  w h e r e  w i ld f i r e  e i t h e r  h a s  no t o c c u r r e d  o r  h a s  no t o c ­
c u r r e d  r e c e n t ly .  M any of th e s e  s tu d ie s  h a v e  b e e n  in  S o u th e rn  C a l i ­
f o r n ia  w h e r e  h u m a n  p o p u la t io n  d e n s i t i e s  a r e  h ig h  in  p ro x im i ty  to  c h a p ­
a r r a l  b r u s h l a n d s .  F o r  in s ta n c e ,  H an es  (1970, pp. 2 7 -5 1 )  d i s c u s s e d  
s u c c e s s i o n  a f t e r  w i ld f i r e  b u r n s  in  S o u th e rn  C a l i fo rn ia .  S a m p s o n  and 
J e s p e r s o n  (1963, p. 3) d e s c r i b e d  the  c h a r a c t e r  of C a l i fo rn ia  r a n g e  
b r u s h la n d s  and  b ro w s e  p la n ts  and  a l lu d e d  to  the p r o b le m s  of m a n a g e ­
m e n t  of c h a p a r r a l  b r u s h la n d s .
The m o s t  c o m p r e h e n s iv e  t r e a t m e n t  of c h a p a r r a l  p la n t  s u c ­
c e s s io n  in  N o r th e r n  C a l i fo rn ia  is  th a t  of S a m p so n  in  1944. R a m if i ­
c a t io n s  o f  w i ld f i r e s  a r e  d i s c u s s e d  in  h is  s tu d y  - -  n o t  on ly  a s  to the 
ty p es  and  k in d s  of ch an g e  in  a c tu a l  v e g e ta l  s u c c e s s io n ,  b u t  a l s o  the 
c h an g e s  in  s i t e  c o n d it io n s  w h ich  r e s u l t  f r o m  w i ld f i r e .  S a m p s o n  (1944, 
pp. 5 8 -6 2 )  p o in ted  ou t the im p o r ta n c e  of w i ld f i r e  to  b o th  s p ro u t in g  
and  n o n - s p r o u t in g  s p e c ie s  of c h a p a r r a l  b r u s h .
T he  1961 c o n fe re n c e  on S o u th e rn  C a l i fo rn ia  W ild land  R e s e a r c h  
P r o b l e m s  d e a l t  w ith  the  eco lo g y  of c h a p a r r a l  b r u s h la n d s  (M an, F i r e  
and  C h a p a r r a l ,  1961). The c o n s e n s u s  of c o n fe re n c e  p a r t i c ip a n t s  w as 
th a t  a d e q u a te  know ledge  a b o u t  the  s u c c e s s io n a l  p a t t e r n  of S o u th e rn
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C a l i fo rn ia  c h a p a r r a l  had  b e e n  a c c u m u la te d ;  h o w e v e r ,  the  p ro b le m  
th a t  r e m a in s  u n so lv ed  is  th a t  of p r o p e r  m a n a g e m e n t  of the c h a p a r r a l  
b r u s h la n d s .
U nder  g iven  c i r c u m s t a n c e s  the a c tu a l  b e h a v io r  and p o te n t ia l  
f o r  w i ld f i r e  in  c h a p a r r a l  b r u s h  is  in a d eq u a te ly  u n d e rs to o d .  One of 
the m a jo r  p ro b le m s  is  the  in ab i l i ty  of e s t im a t in g  fue l v o lu m e s .  O th e r  
im p o r ta n t  f a c to r s  w h ich  m u s t  be th o ro u g h ly  a p p r a i s e d  b e f o r e  the  p r o ­
p e n s i ty  fo r  w ild f i re  b u rn in g  m ay  be a d e q u a te ly  p r e d ic te d  in c lu d e  p h y s ­
ic a l  p r o p e r t i e s  such  a s  the  d im e n s io n  of the fue l p a r t i c l e ,  the  a r ­
r a n g e m e n t  of fue l  p a r t i c l e s ,  the  m o i s tu r e  c h a r a c t e r i s t i c s  of the  fu e l  
and  i ts  c h e m ic a l  p r o p e r t i e s .
C o u n try m a n  and  P h i lp o t  (1970, p. 1) o b s e r v e d  th a t  e n e r g y  
f r o m  b u rn in g  fue l is  the  p r i m a r y  fo r c e  a ffe c t in g  f i r e  b e h a v io r  in  
w ild lan d  f i r e s .  They co n c lu d ed  th a t  s e v e r a l  p h y s ic a l  f a c to r s  a f fe c t  
the  r a t e  a t  w hich  e n e rg y  is  r e l e a s e d  in  the  fue l bed  (fuel bed  r e f e r s  
to th o se  s p a t i a l  f a c to r s  w h ich  e ffec t  f i r e  b e h a v io r )  and  th a t  the  g r e a t e r  
the e n e rg y  r e l e a s e  the  m o r e  d iff icu lty  invo lved  in  c u r ta i l in g  a  w i ld ­
f i r e .  F o r  e x a m p le ,  two a r e a s  w ith  id e n t ic a l  fu e l  v o lu m e s  m a y  d i s ­
p lay  r a d ic a l ly  d i f f e r e n t  b e h a v io r  d u r in g  w i ld f i r e  s im p ly  due to  d i f f e r ­
e n t ia l  a r r a n g e m e n t  of fue l  p a r t i c l e s .
The p r o p o r t io n  of fu e l  p a r t i c l e s  of v a r io u s  d im e n s io n s  in  the 
fu e l  b ed  is  a d e te r m in a n t  in  the  r a t e  of e n e rg y  r e l e a s e  of a  w i ld - la n d  
f i r e  (C h a n d le r ,  1957, p. 28). S m a ll  p a r t i c l e s  a r e  e n v e lo p ed  w ith  a i r ;
52
t h e r e f o r e  s e ld o m  is  t h e r e  a  la c k  o f  oxygen  w hich  is  n e c e s s a r y  in  the 
c o m b u s t io n  p r o c e s s .  L a r g e r  m a t e r i a l s  r e q u i r e  a  m u c h  g r e a t e r  
le n g th  of t im e  in  w h ich  to r e l e a s e  t h e i r  p o te n t ia l  e n e r g y .  W ild f i r e s  
o c c u r r in g  in  c h a p a r r a l  b r u s h la n d s  u s u a l ly  do not c o n su m e  l iv e  m a t e ­
r i a l  g r e a t e r  th an  1 .5  c e n t i m e t e r s  in  d i a m e t e r  (C o u n try m a n  and  P h i l ­
pot, 1970, p. 4). The p ro p o r t io n  of f in e  fu e ls  b e c o m e s  h ig h ly  c r i t i ­
c a l  in  a s s e s s i n g  the  p o te n t ia l  f o r  f i r e .  M o s t  c h a p a r r a l  b r u s h la n d s  
a r e  c h a r a c t e r i z e d  by v e g e ta t io n  w ith  a  g r e a t e r  p r o p o r t io n  of f in e  fu e l  
v o lu m e  th an  of c o a r s e  fu e l  v o lu m e  b e c a u s e  c h a p a r r a l  b r u s h  s p e c ie s  
h av e  s e v e r a l  s t e m s  and  m a n y  b r a n c h e s .
In v e s t ig a t io n  of a  ty p ic a l  c h a m is e  c h a p a r r a l  b r u s h f i e ld  in  
S o u th e rn  C a l i fo rn ia  r e v e a l e d  th a t  61 p e r c e n t  of fu e l  w e ig h t ,  65 p e r ­
cen t  of fu e l  v o lum e and  96 p e r c e n t  of the  s u r f a c e  a r e a  of c h a m is e  is  
in  f ine  fu e ls  (C o u n try m a n  and  P h i lp o t ,  1970, p. 4). In an  e x p e r i ­
m e n ta l  p r e s c r i b e d  b u r n  in  c h a p a r r a l  b r u s h .  G r e e n  (1970, p. 4) no ted  
th a t  70 p e r c e n t  of a l l  l i v e - g r e e n  fu e l  w as  c o n su m e d  by f i r e ;  h o w e v e r  
85 p e r c e n t  of the  g r e e n  c h a m is e  b r u s h  b u rn e d .  An obv ious c o n c lu s io n  
is  th a t  b r u s h la n d  a r e a s  in  w h ich  c h a m is e  is  the d o m in a n t  s p e c i e s  a r e  
p o te n t ia l ly  h a z a r d o u s  w i ld f i r e  s i t e s .
A r r a n g e m e n t  of fu e l  p a r t i c l e s  is  of c o u r s e  v e r y  d i f f ic u l t  to 
d e s c r i b e .  The s p a c in g ,  o r  c o m p a c tn e s s  of p a r t i c l e s  in  the  fu e l  bed  
a f fe c ts  the  supp ly  of o xygen  to e a c h  p a r t i c l e .  If the  fu e l  p a r t i c l e s  
a r e  v e r y  s m a l l  c o m b u s t io n  w il l  be  r e t a r d e d  if  they  a r e  a l s o  c lo se ly
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sp a c e d .  H o w ev e r ,  if  the p a r t i c l e s  a r e  a r r a n g e d  in  s p a c e  so  th a t  
e a c h  p a r t i c l e  is  s u r r o u n d e d  by s u f f ic ie n t  a i r  f o r  i ts  c o m p le te  c o m ­
b u s tio n  and  y e t  c lo s e  enough so  th a t  the  c o m b u s t io n  of one w il l  ig n i te  
one o r  m o r e  o t h e r s ,  th en  the  r a t e  of c o m b u s t io n  m a y  be  e x p lo s iv e  
(C o u n try m a n  and  P h i lp o t ,  1970, p. 30).
The m o i s t u r e  c o n te n t  of th e  fu e l  is  d y n a m ic  and  d i f f ic u l t  to 
a s s e s s  in  the  f ie ld ,  b u t  i t  s ig n i f ic a n t ly  m o d if ie s  w i ld f i r e  p o te n t ia l .  
S e v e re  s e a s o n a l  d ro u g h t  h a s  b e e n  r e f e r r e d  to e a r l i e r  a s  an  e n v i r o n ­
m e n ta l  c h a r a c t e r i s t i c  of g e o g ra p h ic  a r e a s  d o m in a te d  by c h a p a r r a l  
b r u s h la n d s .  C h a p a r r a l  b r u s h  o r d in a r i l y  c o m m e n c e s  new  g ro w th  s o m e ­
t im e  b e tw e e n  la te  J a n u a r y  and  e a r l y  M a r c h .  B e tw e e n  M a r c h  and  
M ay new g ro w th  h a s  a  v e r y  h igh  m o i s t u r e  c o n te n t  - -  s o m e t i m e s  e x ­
ceed in g  200 p e r c e n t  of the d r y  w e ig h t  e q u iv a le n t  of the  p la n t  (C oun­
t r y m a n  and  P h i lp o t ,  1970, p. 10). D u r in g  th e  s u m m e r  m o n th s  the 
m o i s t u r e  c o n te n t  of l iv ing  p a r t s  of b r u s h  p la n ts  is  g e n e r a l l y  d e c l in in g  
u n t i l  a  m in im u m  is  r e a c h e d  in  S e p te m b e r  o r  O c to b e r .  I t is  d u r in g  
th is  p e r io d  of v e r y  low m o i s t u r e  c o n te n t  of l iv in g  fu e ls  th a t  f i r e  d a n ­
g e r  is  m o s t  h a z a r d o u s .
The v o lu m e  of d ead  fu e l  a l s o  m u s t  be  c o n s id e r e d .  D ead  fue l 
o c c u r s  a s  the  r e s u l t  of the dy ing  of a  p la n t  o r  a s  th e  a c c u m u la t io n  of 
l i t t e r  on the  g ro u n d  s u r f a c e  b e n e a th  l iv in g  p la n ts .  C h a m is e  and 
C ean o th u s  c u n e a tu s , w h ich  a r e  the  tw o m o s t  c o m m o n ly  found c h a p ­
a r r a l  s p e c i e s  in  the  M endoc ino  N a t io n a l  F o r e s t ,  s e ld o m  h a v e  any
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m e a s u r a b l e  l i t t e r  a c c u m u la t io n .  O th e r  l a r g e r  le a fe d  s p e c i e s  su ch  
a s  A r c to s ta p h o lo s  (m a n z a n i ta )  an d  Que r e u s  (oak) h av e  up to s ix  c m . 
of l i t t e r  a c c u m u la t io n .  P r e s u m a b l y  in  s o m e  in s ta n c e s  l i t t e r  w ou ld  
tend  to i n c r e a s e  the  e n e r g y  y ie ld  of a  f i r e ,  b u t  m o r e  im p o r ta n t ly  i t  
s e r v e s  a s  a  m e d iu m  f o r  the  t r a n s m i s s i o n  of f i r e .  The  fu e l  m o i s t u r e  
c o n te n t  of d e ad  fu e l  is  p r i m a r i l y  d e p e n d e n t  upon  a tm o s p h e r i c  c o n d i ­
t io n s  and c a n  ch an g e  v e r y  r a p id ly  in  r e s p o n s e  to  c h a n g e s  in  h u m id i ty  
an d  t e m p e r a t u r e .  T h is  i s  e s p e c i a l l y  t r u e  of c h a m i s e  b r u s h  b e c a u s e  
of the d o m in a n c e  of f ine  fu e l .  The m o i s t u r e  c o n te n t  a f f e c t s  the 
f l a m m a b i l i ty  of d e ad  m a t e r i a l s ;  h e n c e  i t  a f f e c t s  f i r e  p o te n t ia l .
C h e m ic a l  c h a r a c t e r i s t i c s  of a  fu e l  a l s o  m a y  a f f e c t  the r a t e  
a t  w h ich  i t  b u r n s .  S o m e  p l a n t s  c o n t a i n  h i g h  e n e r g y  e th e r  
e x t r a c t i v e s  c o n s i s t i n g  o f  w a x e s ,  o i l s ,  f a t s  a n d  t e r -  
p e n e s  . C o u n t r y m a n  a n d  P h i l p o t  (1970, p. 10) f o u n d  th a t  
e t h e r  e x t r a c t i v e s  a c c o u n t  f o r  8 t o  1 2  p e r c e n t  o f  f o ­
l ia g e  w e i g h t  a n d  f r o m  3 . 4  t o  8 . 8  p e r c e n t  of woody m a t e r i a l  
w e ig h t  i n  c h a m is e  b r u s h .  D u r in g  c o m b u s t io n  o f c h a m is e  the  e t h e r  
e x t r a c t i v e s  a r e  v o la t i l i z e d ,  in  w h ich  s t a t e  they  a r e  h ig h ly  f la m m a b le .  
L a b o r a to r y  t e s t s  fo r  th e  h e a t  v a lu e s  of th e s e  e t h e r s  y ie ld e d  a  m e a ­
s u r e m e n t  of 17, 000 B. T. U. p e r  pound of fo l ia g e  and  24, 000 B. T. U. 
p e r  pound of s m a l l  tw ig s .  F o r  i n d i v i d u a l  p l a n t s  t h e  e n e r g y  
y ie ld  r a n g e d  f r o m  83, 000 to 9, 200 B. T. U. p e r  pound (C o u n t ry m a n  and
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P h i lp o t ,  1970, p. 15). It can  b e  co n c lu d ed  th a t  e t h e r  e x t r a c t i v e s  a r e  
r e s p o n s ib le  fo r  c r e a t i n g  e n e r g y  le v e l s  h ig h  enough to d e s i c c a t e  g r e e n  
fu e ls  w h ich  u l t im a te ly  r e s u l t s  in  the  i n c r e a s e d  c a p a c i ty  f o r  t h e i r  c o n ­
s u m p t io n  by w i ld f i r e .  B r u s h f i e ld s  w hich  a r e  c h a r a c t e r i z e d  by  a  l a r g e  
p ro p o r t io n  of f in e  fu e ls  a r e  p o te n t ia l ly  e x p lo s iv e  w i ld f i r e  e n v i r o n ­
m e n t s  .
O ld g ro w th  c h a p a r r a l  b r u s h f i e ld s  w h ich  a r e  p a r t i c u l a r l y  s u s ­
c e p t ib le  to w i ld f i r e  c r e a t e  d e l e t e r i o u s  e n v i r o n m e n ta l  e f fe c t s  a s  a  r e ­
s u l t  of th a t  b u rn in g .  O c c a s io n a l ly  u n c o n t ro l le d  w i ld f i r e s  b u r n  th o u ­
s a n d s  of a c r e s  a t  a  t im e .  The e f fe c ts  of th e s e  h o lo c a u s t s  on  w i ld ­
l i f e  is l a r g e l y  a  m a t t e r  of c o n je c tu r e ;  h o w e v e r ,  i t  i s  know n th a t  in  
s o m e  in s ta n c e s  m a n y  a n im a l s  h a v e  p e r i s h e d .  A t the  v e r y  l e a s t  th e r e  
m a y  be  the d i s r u p t io n  a n d  d i s lo c a t io n  of e x i s t in g  a n im a l  p o p u la t io n s .
High s o i l  t e m p e r a t u r e s  d e s t r o y  m i c r o o r g a n i s m s  in  the s o i l .  
D e s t r u c t io n  of fu n c t io n in g  b io lo g ic a l  e l e m e n t s  in  the  s o i l  c a n  c a u s e  a 
s e r i o u s  d e b i l i t a t io n  in  the  r e ju v e n a t io n  of th a t  s o i l  fo llow ing  w i ld f i r e .  
W hen o rg a n ic  m a t t e r  in  the  s o i l  is  d e s t r o y e d  th e r e  is  a  d e t e r i o r a t i o n  
of s o i l  s t r u c t u r e  in  w h ic h  b o th  the  w a t e r - s t o r i n g  and  w a t e r - t r a n s m i t ­
t in g  p r o p e r t i e s  of the s o i l  a r e  r e d u c e d  (De B ano , and  R ic e ,  1971, 
p. 329).
Soil s c i e n t i s t s  h a v e  d i s c o v e r e d  th a t  f i r e  c a n  r e s u l t  in  the f o r ­
m a t io n  of e x t r e m e l y  w a t e r  r e p e l l e n t  s o i l s .  W a te r  r e p e l l e n c y  can  o c ­
c u r  in  u n b u rn e d  a r e a s  a s  w e l l  a s  in  th o se  a r e a s  s u b je c te d  to  b u rn in g ;
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h o w e v e r ,  in  u n b u rn e d  a r e a s  w a te r  r e p e l l e n t  l a y e r s  a r e  n e a r  the  s u r ­
fa c e .  De B ano  (1969, p. 12) d i s c o v e r e d  th a t  in  u n b u rn e d  s o i l s  the  
m a x im u m  c o n c e n t r a t io n  of h y d ro p h o b ic  s u b s ta n c e s  is  in  the u p p e r  
p a r t  of the  s o i l  p ro f i l e  im m e d ia te ly  be low  the  l i t t e r  l a y e r .  S m a l l e r  
a m o u n ts  of l e a c h a te  m a y  be  m o v e d  be lo w  the  l i t t e r  l a y e r  by i n f i l t r a ­
ting  w a te r .
H igh  t e m p e r a t u r e s  d u r in g  b u rn in g  r e s u l t  in  the  v a p o r iz a t io n  
of c h e m ic a l  c o n s t i tu e n ts  of the  fu e l .  A s p r e v io u s ly  n o te d  the  e n e rg y  
r e l e a s e d  in  the  c o m b u s t io n  of p la n t  e t h e r s  r e s u l t s  in  h ig h  t e m p e r a t u r e s .  
D u r in g  f i r e ,  t e m p e r a t u r e s  a s  h igh  a s  1 ,1 0 0  d e g r e e s  C. h a v e  b e e n  r e ­
c o rd e d  in  the  fue l bed  (De B ano  and  R ic e ,  1971, p. 329). T e m p e r ­
a t u r e s  w ith in  the  s o i l  a r e  s ig n i f ic a n t ly  l e s s  due to  the  low co n d u c tiv i ty  
of the s o i l .  A t f ive  c e n t i m e t e r s  b e lo w  the  s u r f a c e  d u r in g  f i r e  m a x i ­
m u m  t e m p e r a t u r e s  ra n g e  f r o m  150 d e g r e e s  C. to  20 d e g r e e s  C. D if­
f e r e n t i a l s  in  t e m p e r a t u r e  b e tw e e n  the  s o i l  s u r f a c e  and  d ep th s  of s e v e r ­
a l  c e n t i m e t e r s  a r e  v e ry  s ig n i f ic a n t .  V a p o r iz e d  e t h e r s  m o v e  do w n w ard  
in  the s o i l  p ro f i le  w h e re  th ey  a r e  co o led  and  c o n d e n se d  on  s o i l  p a r t i ­
c l e s .  A f t e r  a  f i r e  h a s  sw e p t  th ro u g h  a  b r u s h f i e ld  c o n d e n s e d  v a p o rs  
p ro d u c e  a  w a te r  r e p e l l e n t  l a y e r  be low  the  s o i l  s u r f a c e .  "T h e  dep th  
and  th ic k n e s s  of the  w a te r  r e p e l l e n t  l a y e r  d e p en d s  upon  the  in te n s i ty  
of the f i r e  and  the n a tu re  and  a m o u n t  of v e g e ta t io n  p r e s e n t "  (De Bano 
and R ic e ,  1971, p. 330).
W a te r  r e p e l le n c y  a f f e c t s  b o th  the  s ta b i l i ty  an d  the  p ro d u c t iv i ty
57
of s o i l s .  S e v e re  w a te r  r e p e l le n c y  can  a l t e r  s o i l - m o i s t u r e  r e l a t i o n ­
sh ip  and i m p a i r  v e g e ta t io n  g ro w th  (De B ano , 1969, b, p. 11).
Soil e r o s io n  a p p a r e n t ly  is  r e l a t e d  to  w a t e r  r e p e l l e n c y .  P r e ­
c ip i ta t io n  can  in f i l t r a t e  qu ite  r a p id ly  in to  d ry  w e t ta b le  s o i l s .  In i t ia l ly  
the  in tak e  m a y  be h igh  and  th en  d e c r e a s e  o v e r  a  p e r io d  of t im e .  
H o w ev e r ,  the  m u ch  s lo w e r  in f i l t r a t io n  r a t e  of w a t e r - r e p e l l e n t  s o i l s  
c an  p ro d u c e  a n  e r o s io n  p r o b le m .  S uppose  th a t  the  s u r f a c e  is  w e t -  
ta b le ,  b u t  th a t  u n d e rn e a th  th a t  t h e r e  is  a  w a te r  r e p e l l e n t  l a y e r .  W hen 
the  s o i l  ab o v e  the  w a te r  r e p e l l e n t  l a y e r  b e c o m e s  s a t u r a t e d  w a te r  
f low s l a t e r a l l y  b e tw e e n  the two l a y e r s  (De B ano , b , p. 11). If th is  
o c c u r s  on  t e r r a i n  c h a r a c t e r i z e d  by s te e p  to p o g ra p h y  d o w nslope  m o v e ­
m e n t  of s u r f a c e  m a t e r i a l s  r e s u l t s  in  the  c o n t r ib u t io n  of s ig n i f ic a n t  
a m o u n ts  of d e b r i s  in  s t r e a m  c h a n n e ls  (De B ano and  R ic e ,  1971, p. 
328).
I t  a p p e a r s  p ro b a b le  th a t  in  a r e a s  w h e re  h y d ro p h o b ic  s o i l s  
e x i s t  th a t  s o m e  p la n t  s p e c ie s  m a y  h av e  a d a p te d  to  w a t e r  r e p e l le n c y  
w h e r e a s  a n  invad ing  p lan t  w ould  h a v e  d if f icu l ty  in  b e c o m in g  e s t a b l i s h ­
ed . P e r h a p s  s p ro u t in g  s p e c ie s  of p la n ts  a r e  p a r t i c u l a r l y  w e ll  su i te d  
f o r  a r e a s  c h a r a c t e r i z e d  by w a t e r  r e p e l l e n t  s o i l s .  The p l a n t ' s  ro o t  
s t r u c t u r e  and  c ro w n  a r e  no t d e s t r o y e d  e v e n  d u r in g  the  h o t t e s t  w i ld ­
f i r e ;  h e n c e ,  they  m ay  b e g in  g ro w in g  im m e d ia te ly  a f t e r  a e r i a l  p o r t io n s  
h av e  b e e n  d e s t r o y e d  by f i r e .  S a m p so n  (1944, p. 2) found th a t  b u rn in g  
d id  no t d e s t r o y  o r  m a t e r i a l l y  th in  out s p ro u t in g  f o r m s  of c h a p a r r a l .
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P lu m b  (1961, p. 2) s tu d ie d  the  e f f e c t s  of a n  e x t r e m e l y  ho t w i ld f i r e  
in  S o u th e rn  C a l i fo rn ia  w h e r e  s p ro u t in g  of c h a m is e  b r u s h  w as  o b s e r v e d  
w ith in  10 days  a f t e r  the  h o lo c a u s t .
L a b o r a to r y  t e s t s  c o n c lu s iv e ly  sh o w ed  th a t  of the  s e v e r a l  
c h a p a r r a l  s p e c ie s  c o m m o n ly  found to  d o m in a te  b r u s h f i e ld s ,  c h a m is e  
c a u s e d  th e  m o s t  s e v e r e  w a t e r  r e p e l l e n c y .  D e c r e a s in g  r e p e l l e n c y  w as  
a s s o c i a t e d  w ith  o th e r  s h r u b s ;  h o w e v e r ,  i t  w a s  enough  to  p ro d u c e  a  
l a y e r  in  w h ich  the i n f i l t r a t io n  of w a t e r  w ould  b e  s e r io u s ly  im p e d e d  
(De B ano , 1969, b , p. 14).
F IR E  AND C H A P A R R A L  M A N A G E M E N T
C o n s id e ra b le  c o n t r o v e r s y  e x i s t s  a s  to  the  d e g r e e  th a t  n a tu r a l  
v e g e ta t io n  h a s  b e e n  a l t e r e d  by f i r e .  S om e s p e c i f ic  ty p es  of v e g e ta t io n  
h av e  e v o lv ed  l a r g e ly  a s  the  r e s u l t  of r e c u r r e n t  w i ld f i r e  sp an n in g  a  
h i s t o r y  ex ten d in g  b a c k  o v e r  the  l a s t  few  th o u s a n d s  of y e a r s .  S a u e r  
(1956, pp. 46 -6 9 )  h a s  c o n s id e r e d  th e  long  r a n g e  e f fe c t s  of f i r e  upon  
n a t iv e  v e g e ta t io n .  He r e a s o n s  th a t  " n a t u r a l l y "  o c c u r r in g  w i ld f i r e s  r e ­
su l t in g  f r o m  su ch  p h e n o m e n a  a s  l ig h tn in g  o r  v o lc a n ic  a c t iv i ty ,  coup led  
w ith  m a n 's  u s e  of f i r e  a s  a  too l in  d r iv in g  g a m e  an d  c le a r in g  land  
h av e  a l t e r e d  v e g e ta t io n  p a t t e r n s .  D a n s e r e a u  (1957) c o n s id e r s  th e  s a m e  
p o s s ib i l i t i e s  in  a d i s c u s s i o n  of the  r o le  of f i r e .  S te w a r t  (1951, p.
319) c o n ten d s  th a t  A m e r i c a n  In d ian s  a l m o s t  u n iv e r s a l l y  u s e d  f i r e  a s  a  
too l to  im p r o v e  t h e i r  a b i l i ty  to o b ta in  fo o d s tu f f s .  B u r c h a m  (1957) h a s  
c i te d  h i s t o r i c a l  a c c o u n ts  of e a r ly  S p a n ish  and  A m e r i c a n  e x p lo ra t io n s
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of C a l i fo rn ia  in  a n  e f f o r t  to  r e c o n s t r u c t  p a t t e r n s  of n a tu r a l  v e g e ta t io n  
p r e - d a t i n g  O c c id e n ta l  o c c u p a n c e  of C a l i fo rn ia .  C o n t r a r y  to m an y  
a u t h o r s ,  B u rc h a m  s u p p o r t s  th e  t h e s i s  th a t  b u rn in g  of c h a p a r r a l  b r u s h ­
la n d s  in  C a l i fo rn ia  h a s  o c c u r r e d  l a r g e ly  s in c e  O c c id e n ta l  o c c u p a n c e .  
E a s t m a n  (1972, p. 12) q u o te s  s t a t i s t i c s  f o r  a  2 2 - y e a r  p e r io d  f r o m  
1945-1966  in  w hich  l ig h tn in g  ig n i te d  64 p e r c e n t  of a l l  w i ld f i r e s  in  n a ­
t io n a l  f o r e s t s  w hile  the  r e m a i n d e r  w e r e  a s c r i b e d  to m a n .  E a c h  y e a r  
th o u sa n d s  o f  f i r e s  a r e  s t a r t e d  by  l ig h tn in g  - -  p e r h a p s  a s  m an y  a s  10 
th o u s a n d  to  15 th o u san d  ( E a s tm a n ,  1972, p. 12).
I t  i s  r e a s o n a b le  to a s s u m e  th a t  l a r g e  b r u s h l a n d  a r e a s  in  p r e -  
C o lu m b ia n  A m e r i c a  w e r e  p e r io d ic a l ly  s u b je c te d  to  w i ld f i r e .  In v iew  
of th is  the  to ta l  f i r e  e x c lu s io n  p o licy  of p u b lic  la n d  m a n a g e m e n t  
a g e n c ie s  s e e m s  to b e  a  m i s t a k e .  I t  a p p e a r s  lo g ic a l  to  c o n c lu d e  th a t  
f i r e  is  a n  in t e g r a l  e l e m e n t  of the  n a tu r a l  e n v i ro n m e n t .
M utch  (1970, p . 1046) a r g u e s  th a t  s o m e  p la n t  c o m m u n i t ie s
w h ic h  h a v e  a  r e a d i ly  a v a i l a b le  e n e r g y  s o u r c e  a r e  h ig h ly  f la m m a b le ,
w h ic h  r e s u l t s  in  f r e q u e n t  w i l d f i r e s .  The a c c u m u la t io n  of fu e ls  o v e r
long  p e r io d s  of t im e  u n d e r  a  p o l ic y  of to ta l  f i r e  p r o t e c t i o n  e v en tu a l ly
le a d s  to  v e r y  d e s t r u c t i v e  f i r e s .
W ild lan d  f i r e s  m u s t  be  s tu d ie d  an d  m a n a g e d  a s  in te g r a te d  e v en ts  
a s s o c i a t e d  w ith  the  e c o s y s t e m .  The v e g e ta t io n  b r in g s  c e r t a i n  
p r o p e r t i e s  to th e  e c o s y s t e m  th a t  c o n d i t io n s  th e  f i r e  h i s t o r y ,  and 
the  f i r e  h i s to r y  d e t e r m i n e s  in  p a r t ,  th e  m a in te n a n c e ,  r e g r e s s i o n ,  
o r  s u c c e s s io n  of p la n t  c o m m u n i t ie s  (M utch , 1970, p. 1050).
P e r io d i c  w i ld f i r e s  h a v e  b u rn e d  c h a p a r r a l  v e g e ta t io n  and  the
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fa c t  th a t  m a n y  c h a p a r r a l  s p e c i e s  a r e  v ig o ro u s  s p r o u t e r s  m a y  in d eed  
in d ic a te  th a t  th e s e  p la n ts  a r e  a d a p te d  to  s u r v iv a l  in  a  f i r e  e n v i r o n ­
m e n t .  E v e n  n o n - s p r o u t in g  s p e c i e s  of c h a p a r r a l  b r u s h  r e q u i r e  f i r e  to 
en h an ce  t h e i r  r e p ro d u c t io n .  T h e i r  s e e d s  h a v e  e x t r e m e l y  h a r d  s h e l l s  
w h ich  c r a c k  and  o pen  a s  the  r e s u l t  of s c a r i f i c a t i o n  and  w e ak en in g  
th a t  o c c u r s  d u r in g  h igh  t e m p e r a t u r e s .  G e r m in a t io n  and  e s t a b l i s h m e n t  
of s e e d l in g s  is  u s u a l ly  p r o l i f i c  fo llow ing  h e a t  t r e a t m e n t .
The l o n g - t e r m  e f fe c t  of f i r e  e x c lu s io n  is  unknow n b e c a u s e  th e  
f i r e  e x c lu s io n  po licy  h a s  b e e n  p u r s u e d  only d u r in g  th is  c e n tu r y .  U n­
d o u b ted ly  i t  w i l l  r e s u l t  in  the  d e c a d e n c e  of v e g e ta t io n  and  the  a c c u m u ­
la t io n  of d e a d  m a t e r i a l s .  I t  h a s  b e e n  p re v io u s ly  n o te d  th a t  the  v o lu m e  
of d e ad  fu e ls  d e f in i te ly  is  a  fu n d a m e n ta l  c o n t r o l l in g  f a c t o r  in  the  b e ­
h a v io r  o f  a  w i ld f i r e .  L iv in g  f u e l s  a r e  m o r e  d i f f ic u l t  to  ig n i te  - -  a t  
l e a s t  a s  c o m p a r e d  to  d e a d  fu e l .  It a p p e a r s  ob v io u s  th a t  m o r e  d i s -  
a s t e r o u s  w i ld f i r e s  a r e  c e r t a i n  to  o c c u r  in  the  f u tu r e  a s  the  p r o p o r ­
t io n  of d e ad  to  l iv in g  fu e l  i n c r e a s e s .  D odge (1972, p. 141) n o te s  th a t  
s m a l l  fu e ls  c o n t r ib u te  m o s t  to  f i r e  in te n s i ty  and  r a t e  of s p r e a d .
L a r g e  fu e ls  c a u s e  the  f i r e  to p e r s i s t .  He c o n c lu d e s  th a t  " . . . the  
c r i t i c s  of c o n t r o l  b u rn in g  fa i l  to  r e c o g n iz e  th e  d i f f e r e n c e s  b e tw e e n  
h ig h - i n t e n s i ty  w i ld f i r e s  th a t  do d e s t r o y  e v e r y th in g  and  low  in te n s i ty  
f i r e s  th a t  m a y  c a u s e  l i t t l e  o r  no d a m a g e " .  In v iew  of th e s e  f a c to r s  a  
lo g ic a l  d e c i s io n  w ould  be to m a n a g e  c h a p a r r a l  b r u s h la n d s  so  th a t  a  
m in im u m  of d ead  m a t e r i a l  is  p r e s e n t .
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In 1959  B u r c h a m  (p. 180) no ted  th a t  in s u f f ic ie n t  r e s e a r c h  
h a s  b e e n  . . d i r e c t e d  s p e c i f i c a l ly  to w a rd  d ev e lo p in g  sound  a p p l i c a ­
tio n s  of p lan n ed  b u rn in g  to  w ild  la n d  m a n a g e m e n t  (and) p ro b a b ly  none 
h a s  b e e n  c e n te r e d  on the u s e  of f i r e  to  a c h ie v e  w ild  la n d  m a n a g e m e n t  
g o a ls " .  G r e e n  (1970, p. 1) found th a t  one of the  m a j o r  f a c t o r s  w hich  
h a s  c a u s e d  the  r e lu c ta n c e  to  u s e  f i r e  a s  a  m a n a g e m e n t  too l i s  the  
r i s k  of e s c a p e  w h ich  c o n v e r t s  a  p r e s c r i b e d  b u r n  in to  a  w i ld f i r e .  
W e a th e r  co n d i t io n s  and  fu e l  c h a r a c t e r i s t i c s  w h ich  a r e  s u i ta b le  f o r  
p r e s c r i b e d  b u rn in g  a l s o  a r e  c o n d u c iv e  to w i ld f i r e .  H o w e v e r ,  b u rn in g  
c a n  be  a c c o m p l i s h e d  d u r in g  f a v o r a b le  co n d it io n s  - -  e s p e c ia l l y  in  the  
s p r in g  w h en  d a y t im e  t e m p e r a t u r e s  a r e  h ig h  and n ig h t t im e  t e m p e r a ­
t u r e s  a r e  low.
A m a j o r  p r o b le m  of b u rn in g  in  s p r in g  is  th a t  the  m o i s t u r e  
co n ten t  of b r u s h  is  th e n  a t  i t s  h ig h e s t .  I t  h a s  b e e n  found th a t  a  d e s -  
ic c a n t ,  c a c o d y l ic  a c id  c a n  be  b r o a d c a s t  s p r a y e d  on d e s ig n a te d  a r e a s  
to r e d u c e  fue l m o i s t u r e  in  p r e p a r a t i o n  f o r  a  p r e s c r i b e d  b u r n  (G re e n ,  
1970 , p. 2). S ta n d a rd  phenoxy  c h e m ic a ls  su ch  a s  2 , 4 -D ; 2 , 4 , 5 - T  o r  
a  m ix tu r e  of the  two w il l  d e s s i c a t e  le a v e s  and  s m a l l  tw ig s .  C a r p e n ­
t e r  eL  a l . found th a t  p r e s c r i b e d  b u rn in g  of u n t r e a te d  m a n z a n i t a  does  
n o t e f fe c t iv e ly  c l e a r  the v e g e ta t io n .  A f te r  s p ra y in g  b r u s h  w ith  a  m i x ­
t u r e  of phenoxy  c h e m ic a l s  and  d i e s e l  o i l  a l l  m a n z a n i ta  b r u s h  in c lu d in g  
s t e m s  in  e x c e s s  of two in c h e s  w e r e  c o n su m e d  in  a  p r e s c r i b e d  b u r n  
one y e a r  l a t e r  ( C a r p e n te r  and  o t h e r s ,  1970, p. 4).
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The im p l ic a t io n s  of th is  d i s c u s s io n  a r e  o b v io u s .  I t  is  b e ­
co m in g  in c r e a s in g ly  a p p a r e n t  th a t  f i r e  c an  be a  v a lu ab le  tool in  the  
m a n a g e m e n t  of c h a p a r r a l  b r u s h la n d s .  S e v e r a l  b a s i c  q u e s t io n s  n e ed  
to  b e  a n a ly z e d  b e fo re  s p e c i f i c  m a n a g e m e n t  r e c o m m e n d a t io n s  c an  be  
s p e c i f ie d .  F i r s t ,  a t  w ha t c r i t i c a l  l e v e l  s h a l l  fu e l  v o lu m e  be m a n ip u ­
l a t e d ?  S econd , w h a t  r e l a t io n s h ip s  e x i s t  l in k in g  fu e l  vo lu m e  to  s p a t i a l  
v a r i a n t s  of s u r f a c e  c o n f ig u ra t io n  ( s lo p e ,  a l t i tu d e  and  d i r e c t io n a l  o r i ­
e n ta t io n )  an d  the  t im e  r e q u i r e d  to  a c h ie v e  s p e c i f i c  fue l v o lu m e s ?
T h is  s tudy  u s e s  a  s y s t e m  of d a ta  c o l le c t io n  w h ich  p ro v id e s  
i n f o r m a t io n  c o n c e rn in g  the  r e c o v e r y  o f  fu e l  v o lu m e  fo llow ing  c h a p ­
a r r a l  w i ld f i r e s .  It i s  in te n d e d  th a t  th e  r e s e a r c h  te ch n iq u es  h e r e i n  
u s e d  w il l  y ie ld  fu n d a m e n ta l  d a ta  upon w h ich  b a s i c  m a n a g e m e n t  d e c i ­
s io n s  c a n  b e  d ev e lo p e d  to  e n h a n c e  the  u t i l i ty  of c h a p a r r a l  b r u s h l a n d s .  
D is c o v e r y  of th o s e  f a c t o r s  th a t  w il l  e n ab le  la n d  m a n a g e r s  to r e d u c e  
the  e x p lo s iv e  c o n f la g ra t io n  of c h a p a r r a l  b r u s h  w h ile  a t  the  s a m e  t im e  
in c r e a s i n g  i t s  v ia b i l i ty  a s  a  r e s o u r c e  a r e  the in te n d e d  o b je c t iv e s  of 
th is  e n d e a v o r .  M utch  w ould c o n c u r  w ith  th e s e  o b je c t iv e s  s in c e  he  h a s  
s t a t e d  tha t:
The a b i l i ty  to a c c u r a t e ly  a s s e s s  p la n t  c o m m u n ity  c h a n g e s ,  and 
fu e l  c h a n g e s ,  th a t  r e s u l t  f r o m  r e s o u r c e  m a n a g e m e n t ,  to ta l  f i r e  
p ro te c t io n ,  p r e s c r i b e d  f i r e  u s e ,  o r  w i ld f i r e s ,  w ill  p ro v id e  one 
s c a le  f o r  e v a lu a t in g  m a n a g e m e n t  p r a c t i c e s  (M utch , 1970, p. 1050).
TH E R E S E A R C H  H Y PO TH E SIS
The m a in  r e s e a r c h  h y p o th e s i s  of th is  s tu d y  is :
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The evo lu tio n  of M en d o c in o  C h a p a r r a l  b r u s h la n d s  is  d e p e n d e n t  
upon  s e l e c t  e n v i r o n m e n ta l  f a c to r s  a c t in g  w i th in  a  t im e  d e p e n d e n t  
s y s t e m  such  th a t  fu e l  v o lu m e  w il l  s ig n i f ic a n t ly  v a r y  thus  r e s u l t ­
ing in  v a r i a n c e  in  w i ld f i r e  p o te n t ia l .
M a n a g e rs  of p u b l ic  la n d s  h e r e t o f o r e  h a v e  no t a t t e m p te d  a n  
o b je c t iv e  a n a ly s i s  of the in f lu e n c e s  of e n v i r o n m e n ta l  f a c to r s  upon  
fu e l  v o lu m e .  As a  c o n se q u e n c e  of th is  a  p o licy  of to ta l  f i r e  e x c lu ­
s io n  h a s  evo lved  b e c a u s e  of the  f e a r  of e n v i r o n m e n ta l  d e t e r i o r a t i o n  
a f t e r  a  w i ld f i r e .  The fo l ly  of th is  lo g ic  i s  r e a d i ly  a p p a r e n t .  If the  
v o lu m e  of fu e l  i n c r e a s e s  w ith  a g e  th en  the  p o te n t ia l  f o r  w i ld f i r e  a l s o  
w il l  i n c r e a s e .  C h a p a r r a l  b r u s h la n d s  in  w h ich  the  v e g e ta t io n  h a s  m a ­
tu r e d  n o t  only h a s  a  g r e a t e r  v o lu m e  of fu e l  th a n  young  m a tu r in g  
s t a n d s ,  b u t  i t  a l s o  h a s  a  b u i ld u p  of d e a d  fu e l .  A c o n d it io n  su ch  a s  
th is  is  f r a u g h t  w ith  the  d a n g e r  of the o c c u r r e n c e  of a  w i ld f i r e  s u c h  
a s  h a s  n e v e r  b e fo re  b e e n  w i tn e s s e d .  A w i ld f i r e  of g ig a n t ic  p r o p o r ­
t io n s  cou ld  r e s u l t  in  s e v e r e  e n v i r o n m e n ta l  d a m a g e .  F o r  i n s t a n c e ,  
su p p o se  th a t  ten s  of th o u s a n d s  of a c r e s  of b r u s h  a r e  c o n s u m e d  by a  
w i ld f i r e  in  S e p te m b e r .  W a te r  r e p e l l e n t  s o i l s  w ou ld  d e v e lo p  b e c a u s e  
the  e n e r g y  le v e l  of su c h  a  f i r e  p ro b a b ly  w ould  be  e x t r e m e l y  h ig h .
W ith the  o n s e t  of the coo l r a in y  s e a s o n  i t  i s  p o s s ib le  to f o r e s e e  a  c o n ­
d i t io n  of h e a v y ,  ex ten d e d  p r e c ip i t a t i o n  in  w h ich  t h e r e  s u b se q u e n t ly  
w ould  be  r a p id  ru n o ff  and  m a s s i v e  a r e a s  of s o i l  s l ip  and  l a n d f o r m  
m o d if ic a t io n .  The i ro n y  of th is  c i r c u m s t a n c e  is  th a t  f i r e  h a s  b e e n  
to ta l ly  e x c lu d e d  s im p ly  to e n s u r e  a g a in s t  th is  p o s s ib i l i ty ;  w h ile  in  r e ­
a l i ty  to ta l  e x c lu s io n  of f i r e  h a s  r e s u l t e d  in  c o n d i t io n s  in  w h ic h  the
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c h a p a r r a l  is  h ig h ly  v u ln e r a b le  to  u n c o n t r o l la b le  w i ld f i r e .
P e r i o d i c  p r e s c r i b e d  b u rn in g  is  a  too l f o r  r e d u c in g  th e  v o lu m e  
of fu e l  w h ich  p o te n t ia l ly  w i l l  s u p p o r t  w i l d f i r e s .  A t th e  s a m e  t im e  
i t  w il l  g r e a t l y  r e d u c e  th e  r i s k  of o c c u r r e n c e  of m a s s  w i ld f i r e  and  i t ' s  
d e l e t e r i o u s  e f f e c t s .
A n  u n d e r s ta n d in g  of the  f a c t o r s  c o n t r ib u t in g  to  the  v o lu m e  
of fu e l  in  the  M en d o c in o  C h a p a r r a l  is  fu n d a m e n ta l  to  the  d e v e lo p m e n t  
of a  m a n a g e m e n t  p la n  w h ic h  in c lu d e s  p r e s c r i b e d  b u rn in g .  P e r h a p s  
the  m o s t  im p o r t a n t  f a c t o r  a f fe c t in g  fu e l  v o lu m e  is th e  t im e  e le m e n t .
It s e e m s  s a fe  to  a s s u m e  th a t  fu e l  v o lu m e  w il l  i n c r e a s e  w ith  i n c r e a s e d  
t im e .  H o w e v e r ,  w h a t  is  n o t  c l e a r  i s  w h e th e r  o r  n o t  th a t  i n c r e a s e  is  
a  u n i f o r m  c o n t in u u m  o r  w h e th e r  t h e r e  a r e  d i s t i n c t  v o lu m e  le v e l s  
w h ich  m a y  be  a s s o c i a t e d  w ith  the  a g e  of the  c h a p a r r a l .  If the  v o lu m e  
of fu e l  a c c u m u la t e s  a t  n o n - u n i f o r m  r a t e s  th e n  th is  m ig h t  in d ic a te  the 
m o s t  d e s i r a b l e  t im e  f o r  p r e s c r i b e d  b u r n in g  to  p r e v e n t  a  fu e l  bu ild u p .
W hat o th e r  f a c t o r s  a f f e c t  th e  v o lu m e  of fu e l  p r o d u c e d ?  A r e  
the  s p a t i a l  v a r i a n t s  of s u r f a c e  c o n f ig u ra t io n  su ch  a s  a  s lo p e ,  a l t i tu d e  
and  d i r e c t i o n a l  o r i e n t a t i o n  im p o r t a n t  d e t e r m in a n t s  o f  v o lu m e ?
A p la u s ib le  a p p r o a c h  to  the  in v e s t ig a t io n  o f  th e s e  f a c t o r s  
w ou ld  be the  d e v e lo p m e n t  an d  a p p l ic a t io n  of a n  i n t e r a c t i o n  p r e d ic t in g  
m o d e l .  The m o d e l  sh o u ld  be  d e s ig n e d  in  s u c h  a  m a n n e r  th a t  w ith  
the  in p u ts  of g ro w th  t im e  an d  the s im p le  v a r i a n t s  of c o n f ig u ra t io n ,  th a t  
a  p r e d i c t i o n  of fu e l  v o lu m e s  e n c o m p a s s in g  v a r io u s  l e v e l s  an d  c o m -
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b in a t io n s  of in p u ts  w i l l  be  y ie ld e d .
S U P P O R T IV E  H Y PO T H E SE S
R e s e a r c h  h y p o th e s e s  w il l  be  a n a ly z e d  and  t e s t e d  w ith  a  s t a ­
t i s t i c a l  m o d e l .  The  e x p r e s s io n  of b o th  q u a n t i ta t iv e  v a r i a b l e s  and 
q u a l i ta t iv e  v a r i a b l e s  in c lu d ed  in  the d e s ig n  of th e  m o d e l  f a c i l i t a t e  the  
a s s e s s m e n t  o f  th o se  f a c to r s  th a t  r e s u l t  in  i n c r e a s e d  v o lu m e  of fu e l .  
T e s t in g  of the  m a in  r e s e a r c h  h y p o th e s i s  r e q u i r e s  the  c o n s id e r a t io n  
of s e v e r a l  s u p p o r t iv e  h y p o th e s e s  w h ich  sh o u ld  y ie ld  in s ig h t  in to  the  
p r i m a r y  p r o b le m  of p o te n t ia l ly  h a z a r d o u s  fu e l  a c c u m u la t io n s  in  c h a p ­
a r r a l  b r u s h la n d s .
The fo llow ing  s u p p o r t iv e  and  n u ll  h y p o th e s e s  w il l  be  t e s t e d :
H qj The v o lu m e  of fu e l  p ro d u c e d  in  a  M en d o c in o  C h a p a r r a l  b ru s h -
f ie ld  is  n o t  r e l a t e d  to  the t im e  s in c e  the  l a s t  w i ld f i r e  b u rn .
H j 2 The v o lu m e  of fu e l  p ro d u c e d  in  a  M en d o c in o  C h a p a r r a l  b ru s h -
f ie ld  i n c r e a s e s  w ith  t im e  s in c e  the  l a s t  w i ld f i r e  b u rn .
H21 The v o lu m e  of fu e l  p ro d u c e d  in  a  M endoc ino  C h a p a r r a l  b r u s h -
f ie ld  d e c r e a s e s  w ith  t im e  s in c e  the  l a s t  w i ld f i r e  b u rn .
H q2 A lt i tu d e  h a s  no a f f e c t  upo n  th e  v o lu m e  of fu e l  p ro d u c e d  s in c e
the l a s t  w i ld f i r e  b u r n  in  th e  M en d o c in o  C h a p a r r a l .
H j 2 The v o lu m e  of fu e l  p ro d u c e d  in  the  M en d o c in o  C h a p a r r a l  i n ­
c r e a s e s  w ith  an  i n c r e a s e  in  a l t i tu d e .
H22  T he  v o lu m e  of fu e l  p ro d u c e d  in  the  M endoc ino  C h a p a r r a l  d e ­
c r e a s e s  w ith  a  d e c r e a s e  in  a l t i tu d e .
H q3 D i f f e r e n c e s  in  s lo p e  h av e  no a f fe c t  u p o n  th e  v o lu m e  of fu e l
p ro d u c e d  in  the  M en d o c in o  C h a p a r r a l .
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H j 3 The v o lu m e  of fu e l  p ro d u c e d  in  the  M endoc ino  C h a p a r r a l
i n c r e a s e s  a s  d i f f e r e n c e s  in  s lo p e  o c c u r .
H23 The v o lu m e  of fu e l  p ro d u c e d  in  the  M endoc ino  C h a p a r r a l
d e c r e a s e s  a s  d i f f e r e n c e s  in  s lo p e  o c c u r .
H q^  The v o lu m e  of fu e l  p ro d u c e d  in  the  M endoc ino  C h a p a r r a l  is
not r e l a t e d  to  d i r e c t i o n a l  o r ie n ta t io n .
The v o lu m e  of fu e l  p ro d u c e d  in  the  M endoc ino  C h a p a r r a l  
i n c r e a s e s  a s  a  r e s u l t  of d i r e c t i o n a l  o r ie n ta t io n .
H24  The v o lu m e  of fu e l  p ro d u c e d  in  the  M endoc ino  C h a p a r r a l
d e c r e a s e s  a s  a  r e s u l t  of d i r e c t i o n a l  o r ie n ta t io n .
C H A P T E R  III 
M ETHOD O F  ANALYSIS
T he s t a t i s t i c a l  m o d e l  u t i l iz e d  and  a n a ly z e d  in  th is  r e s e a r c h  
p ro b le m  is  an  in te g r a l  p a r t  of th is  d i s s e r t a t i o n .  In th is  c h a p te r  the 
g e n e r a l  l i n e a r  m o d e l  is  d e s ig n e d  to  a c c o m m o d a te  in pu t d a ta  w h ic h  i n ­
c lu d es  the  v a r i a n t s  of c o n f ig u ra t io n ,  a l t i tu d e ,  s lo p e  and  d i r e c t i o n a l  
o r ie n ta t io n .  F o u r  l e v e l s  of b u r n  y e a r s ,  sp a c e d  a t  a p p ro x im a te ly  
f i f te e n  y e a r  i n t e r v a l s ,  h av e  b e en  s e l e c t e d  f o r  d a ta  c o l l e c t i o n .
S T A T IS T IC A L  DESIGN
A g e n e r a l  l i n e a r  m o d e l  i s  em p lo y e d  in  th e  a n a ly s i s  
of th is  r e s e a r c h .  The f a c to r i a l  d e s ig n  of the  m o d e l  c h o se n  
f o r  th is  e x p e r im e n t  f a c i l i t a t e s  the  in v e s t ig a t io n  of the m a in  e f fe c ts  of 
v a r io u s  f a c t o r s  an d  t h e i r  i n t e r a c t i o n s .  P r e s u m a b ly  the  e f fe c ts  of 
s e v e r a l  of a  v a r i e ty  of e n v i ro n m e n ta l  p a r a m e t e r s  m ay  b e  t e s t e d  w ith  
the a p p l ic a t io n  of th is  m o d e l  (M en d en h a ll ,  1968, p. 86 ).
The f i r s t  s t e p  in  the  r e s e a r c h  c a l l s  f o r  the id e n t i f ic a t io n  of 
f a c to r s  th a t  a r e  to  be  m e a s u r e d  and  t e s t e d  f o r  m a in  e f fe c ts  an d  i n t e r ­
a c t io n s .  S ince  the  m o d e l  is  p r o p o s e d  a s  the  b a s i s  fo r  p la n n in g  i t  is
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co n ten d ed  th a t  the l e s s  c o m p lic a te d  the  o b s e r v e d  d a ta  and  the  m o r e  
e a s i ly  i t  is  o b s e r v e d  and  i n t e r p r e t e d  the  g r e a t e r  w il l  be  the u t i l i ty  
of th is  r e s e a r c h .  E x p l ic i t ly  a s  a  r e s u l t  of th is  r e a s o n in g  e a s i ly  
m e a s u r e d  e n v i r o n m e n ta l  f a c to r s  a r e  c h o se n  fo r  a n a ly s i s .  The f a c ­
to r  of p r i m a r y  c o n c e r n  is  s im p ly  the n u m b e r  of y e a r s  e la p s e d  s in c e  
a  w i ld f i r e  b u r n  o c c u r r e d  in  the  a r e a  to  be in v e s t ig a te d .  O nly  a r e a s  
of v e r i f i a b le  w i ld f i r e  b u rn  h i s to r y  in  the  l a s t  55 y e a r s  (1917-1972) 
a r e  c h o s e n  f o r  a n a ly s i s  (T he M endoc ino  N a tio n a l  F o r e s t ,  A d m in i ­
s t r a t i v e  F i l e s ) .
B a s ic a l ly ,  th e  in te n t io n  is  to  c o n s id e r  the  t im e  s in c e  the 
l a s t  w i ld f i r e  b u r n  a s  a  m a in  e f fe c t ,  and  to  a n a ly z e  d i f f e r e n t i a l s  in  
the cu b ic  v o lu m e  of fu e l  a s  a  fu n c t io n  of t im e  s in c e  b u rn .  In a d d i ­
t io n ,  a l t i t u d e ,  s lo p e  an d  d i r e c t io n a l  o r i e n ta t io n  a r e  a s s e s s e d  b e c a u s e  
of t h e i r  p ro b a b le  e f f e c t  upon the e x p e c te d  v o lu m e  of fu e l .  U n doub t­
edly  n u m e r o u s  o th e r  e n v i ro n m e n ta l  f a c to r s  could  b e  m e a s u r e d  and  
a n a ly z e d  w ith  th is  k in d  of e x p e r im e n t ,  b u t  i t  w ould  indeed  b e  d if f ic u l t  
to u t i l i z e  s e v e r a l  th a t  a r e  a s  e a s i ly  a s s e s s e d .  It i s  in ten d ed  th a t  th is  
m o d e l  w i l l  be  a p p l ie d  by la n d  m a n a g e m e n t  a g e n c ie s  and  i t  is  d e s i r ­
ab le  th a t  n o n - te c h n ic a l  f ie ld  p r o c e d u r e s  b e  in s t i tu te d  w hich  a r e  d i r e c t ­
ly  a p p l ic a b le  by m a n a g e m e n t  t e c h n ic ia n s .
F o u r  l e v e l s  of b u r n  y e a r s  a r e  u sed  y ie ld in g  a n u m e r i c a l  e x ­
p r e s s i o n  of t im e  s in c e  b u rn  of 55, 40, 24 and 13 y e a r s  r e s p e c t iv e ly .  
T he  e n v i r o n m e n ta l  f a c e t s  o b s e r v e d  in  th e  f ie ld  a r e  a l t i tu d e .
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s lo p e  and  d i r e c t i o n a l  o r ie n ta t io n ;  e a c h  f a c e t  i s  i n t e r p r e t e d  a t  tw o  
l e v e l s .  S am p le  s i t e s  a r e  d e s c r ib e d  a s  b e in g  a t  a n  a l t i tu d e  of e i t h e r  
abo v e  o r  be low  762. 5 m .  Two c l a s s e s  of a l t i tu d e  a r e  in  th is  way 
d e l in e a te d  - -  one f r o m  m e a n  s e a  l e v e l  up to 7 6 2 .5  m .  and  one above  
762. 5 m .  In a c tu a l i ty  the  r a n g e s  of the two c l a s s e s  a r e  f r o m  the 
lo w e r  a l t i tu d in a l  l im i t s  of c h a p a r r a l  b ru s h la n d s  a t  a b o u t  350 m .  to 
the  u p p e r  a l t i tu d in a l  l im i t s  of c h a p a r r a l  b ru s h la n d s  a t  ab o u t  1 ,2 2 0  m . 
Out of a  to ta l  of 246 s a m p le  s i t e s  f r o m  fo u r  b u r n  a r e a s ,  135 
s i t e s  o c c u r  a t  a n  a l t i tu d e  in  e x c e s s  of 7 6 2 .5  m .  an d  1 1 1  a r e  
found a t  a n  a l t i tu d e  of l e s s  th a n  762.-5 m .  On the  b a s i s  of f ie ld  o b ­
s e r v a t i o n s  i t  i s  n o te d  th a t  c o m p o s i t io n a l  c h an g e s  in  the  p ro p o r t io n  
of v a r io u s  c h a p a r r a l  s p e c ie s  tend  to o c c u r  in  an  a l t i tu d in a l  r a n g e  
f r o m  a b o u t 670 m .  to  850 m . H e n ce ,  an  a p p r o x im a te  m id - p o in t  
v a lu e  of 762. 5 m .  i s  c h o se n  a s  the  l in e  of e v a lu a t io n  b e tw e e n  the 
two a l t i tu d in a l  c l a s s e s .
E a c h  o f the  two o th e r  e n v i r o n m e n ta l  f a c to r s  i s  a l s o  c l a s s e d  
in to  two l e v e l s .  S lope  i s  c a te g o r iz e d  a s  b e lo n g in g  to a  c l a s s  .of 
e i t h e r  l e s s  th a n  40 p e r c e n t  o r  m o r e  th an  40 p e r c e n t .  T h is  p a r t i c u l a r  
d iv id in g  p o in t  is  a  lo g ic a l  c h o ice  s in c e  i t  h a s  b e e n  found th a t  m e c h a n ­
ic a l  t r e a t m e n t  of c h a p a r r a l  b r u s h f i e ld s  on s lo p e s  in  e x c e s s  of 40 p e r ­
c e n t  b e c o m e s  p r o h ib i t iv e ly  e x p e n s iv e  (B e n t le y ,  1965, p. 10). S lope 
c l a s s e s  a r e  g ro u p e d  a s  fo l lo w s :  137 e x c e e d in g  40 p e r c e n t  and  109
a r e  l e s s  th a n  40 p e r c e n t .
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F in a l ly ,  e x p o s u r e  i s  d iv id ed  in to  tw o  c l a s s e s .  A ll  s lo p e s  s i t ­
u a te d  f r o m  n o r th w e s t  to  s o u th e a s t  a r e  c l a s s e d  a s  n o r th e r ly ;  a l l  s lo p e s  
s i tu a te d  f r o m  s o u th e a s t  to  so u th  to  n o r th w e s t  a r e  c l a s s e d  a s  s o u th e r ly .  
T h is  a r r a n g e m e n t  i s  c h o s e n  b e c a u s e  th e  e f fe c t  of d i r e c t io n a l  o r ie n ta t io n  
is  no t s im p ly  a n  e a s t - w e s t  b i f u r c a t i o n .  F o r  e x a m p le ,  s lo p e s  o r i e n te d  
f r o m  n o r th w e s t  c lo c k w is e  to  s o u th e a s t  a r e  m o r e  c lo s e ly  a s s o c i a t e d  
w ith  co n d it io n s  c h a r a c t e r i s t i c  of n o r th  s lo p e s  th a n  of so u th  s lo p e s ;  
s o u te a s t  fa c in g  s lo p e s  c lo c k w is e  to  n o r th w e s t  a r e  c h a r a c t e r i s t i c  of 
sou th  fa c in g  s l o p e s .  A l l  e x p o s u r e s ,  t h e r e f o r e ,  f r o m  315 d e g r e e s  to  
135 d e g r e e s  a r e  d e s ig n a te d  n o r t h e r l y  w h ile  a l l  e x p o s u r e s  f r o m  135 
d e g r e e s  to  315 d e g r e e s  a r e  d e s ig n a te d  s o u th e r ly .  O n e - h u n d r e d - f o r ty -  
fo u r  s i t e s  a r e  o r i e n te d  so u th  an d  o n e -h u n d re d - tw o  a r e  o r i e n te d  n o r t h .
A d m it te d ly  th e  d e s ig n a t io n  of tw o l e v e l s  fo r  e a c h  e n v i r o n m e n ­
t a l  f a c to r  i s  l e s s  d e s i r a b l e  th a n  s p e c i f ic  m e a s u r e m e n t  of e a c h  f a c t o r .  
H o w e v e r ,  one  of th e  f e a t u r e s  of th e  g e n e r a l  l i n e a r  m o d e l  i s  th a t  t h e r e  
m u s t  be  a n  o b s e r v a t io n  f o r  e a c h  p o s s ib l e  c o m b in a t io n  an d  l e v e l  of f a c ­
to r  (M en d en h a l l ,  1968, p .  91 ) .  T h e  d e s ig n  of t h i s  r e s e a r c h  m o d e l  
i s  su c h  th a t  t h i s  a l lo w s  f o r  th i r t y - tw o  p o s s ib l e  c o m b in a t io n s .  It w ou ld  
be v e r y  d if f ic u l t  to  a n a ly z e  a  d e s ig n  th a t  c o u ld  w e l l  r e s u l t  in  h u n d re d s  
of p o s s ib l e  c o m b in a t io n s .  E v e n  if  su c h  a  d e s ig n  cou ld  b e  a n a ly z e d  th e  
ch an ce  t h a t  th e  e x p e r im e n t a l  r e g io n  d o e s  n o t  h a v e  a  p a r t i c u l a r  c o m ­
b in a t io n  of l e v e l  an d  f a c t o r  i s  g r e a t l y  i n c r e a s e d .  H e n c e ,  a g a in
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s im p l ic i ty  of d e s ig n  is  a  d e s i r e d  f e a tu r e  i n c r e a s i n g  the  ch an ce  of i n ­
v e s t ig a t in g  s e v e r a l  s a m p le  s i t e s  w ith  r e c u r r i n g  f a c t o r  c o m b in a t io n s .
A n o th e r  d e c id e d ly  f a v o ra b le  f e a tu r e  of the  f a c to r i a l  d e s ig n  
is  th a t  b o th  q u a n t i ta t iv e  and  q u a l i ta t iv e  v a r i a b l e s  m a y  be  an a ly z e d .
No d o u b t  the  m o d e l  w ou ld  be m o r e  e f fe c t iv e  if  a l l  l e v e l s  of f a c to r s  
w e r e  s t r i c t l y  q u a n t i f ia b le .  In th is  r e s e a r c h ,  e v e n  though the  th re e  
e n v i r o n m e n ta l  f a c t o r s  s e l e c t e d  h a v e  b e e n  d e l in e a te d  on the  b a s i s  of 
q u a n t i f ia b le  l im i t s  they  u l t im a te ly  m u s t  b e  c o n s id e r e d  a s  q u a l i ta t iv e  
f a c t o r s  (M e n d en h a ll ,  1968, p. 57). L o g ic a l ly  one m ig h t  e x p e c t  th is  
s in c e  the  c l a s s e s  f o r  e a c h  le v e l  in c lu d e  a  w ide  r a n g e  of p o s s ib le  
v a lu e s .  F o r  e x a m p le ,  one  p e r c e n t  s lo p e s  and  th i r t y - n in e  p e r c e n t  
s lo p e s  a r e  g ro u p e d  in  one c l a s s .  A lt i tu d e  an d  d i r e c t i o n a l  o r ie n ta t io n  
a l s o  a r e  g ro u p e d  in to  c l a s s e s .  T h e r e f o r e ,  the  only  t r u ly  q u a n t i ta t iv e  
in pu t is  the  t im e  in t e r v a l  b e tw e e n  s u c c e s s iv e  b u r n s ,  and  a l l  o th e r  
v a r i a b l e s  a r e  q u a l i ta t iv e  in p u ts .
The l i n e a r  t r e n d  m o d e l  th a t  h a s  b e e n  e m p lo y e d  in  th is  r e ­
s e a r c h  s tu d y  i s :
y  = 80* * 1 * 1 * * 2* 1 * 83X1+ 94X2* 85X3
* 8 6 * 4* 87* 1 * 2 * * 8* 1* 3* 89 * 1* 4 * 8 1 0 * 1 * 2
* 8 1 1 * 1* 3* 8 1 2 * 1 * 4 * 8 1 3 * 1 * 2 * 8 1 4 * 1 * 3
* 8 l5 * i* 4 * 8 l6 * 2 * 3 * 8 l7 * 2 * 4 * 8 l8 * 3 * 4
* 8 1 9 * 1* 2* 3* 8 2 0 * 1* 2* 4* 8 2 1 * 1 * 3* 4 * 8 2 2 * 1* 2*3
+ 8 2 3 * 1 * 2 * 4 * 8 2 4 * 1 * 3 * 4 ^
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W h ere  y = the v a lu e  o f  the cu b ic  v o lu m e  of v e g e ta t io n  f r o m  a s a m p le  
s i te ;  Xq = is  a  d u m m y  v a r i a b le ;  x j  = t im e  s in c e  b u rn ;  X£ = a l t i tu d e ;  
xg = s lo p e ;  X4  = d i r e c t io n a l  o r ie n ta t io n ;  B q + . .  . +B24  a r e  the  i n t e r ­
a c t io n  c o e f f ic ie n ts  o f  t e r m s ;  and  w h e re  e is  the  e s t i m a t i o n  of e r r o r .
V a lu es  f o r  the  B t e r m s  a r e  a s c e r t a i n e d  by  o b ta in in g  the  p r o ­
d u c t  of a  25 X 32 m a t r i x  ( F ig u r e  15). In  r e f e r r i n g  to  F ig u r e  15 i t  
sh o u ld  b e  no ted  th a t  t h e r e  a r e  f o u r  d i f f e r e n t  l e v e l s  of x ^ .  They a r e  
-3 5 ,  -2 0 ,  -4 ,  an d  7. T h e se  v a lu e s  a r e  m e a s u r e d  f r o m  a n  a r b i t r a r i l y  
c h o s e n  y e a r  - -  n a m e ly  1952. H e n ce ,  -3 5  r e f e r s  to  b u r n  y e a r  1917; 
-2 0  r e f e r s  to  b u r n  y e a r  1932; - 4  r e f e r s  to  b u rn  y e a r  1948; and 7 r e ­
f e r s  to  b u r n  y e a r  1959. The r a t io n a le  f o r  a r b i t r a r i l y  ch o o s in g  1952 
r a t h e r  th a n  1972 i s  t h a t  th e  l a t t e r  i s  o u ts id e  th e  e x p e r im e n t a l  re g io n .  
T im e  le v e l s  o u ts id e  th e  e x p e r im e n t a l  r e g io n  c a n n o t  b e  p r e d ic te d  w ith  
r e l i a b i l i ty .
A g a in ,  w h ile  r e f e r r i n g  to  F ig u r e  15 n o te  th a t  v a r i a b l e s  
(a l t i tu d e ) ,  Xg (s lo p e ) ,  an d  x ^  ( d i r e c t io n a l  o r ie n ta t io n )  a r e  coded  a s  
e i t h e r  +1 o r  - 1 .  A l t i tu d e s  co d ed  a s  -1  a r e  th o s e  found to  o c c u r  a t  
l e s s  th a n  7 6 2 .5  m . , a n d  +1 a r e  th o s e  found to  o c c u r  a t  a n  a l t i tu d e  in  
e x c e s s  o f  7 6 2 .5  m .  S lope  i s  coded  in  th e  s a m e  m a n n e r  w h e re  -1 
d e n o te s  s lo p e s  of l e s s  th a n  40 p e r c e n t  an d  +1 d e n o te s  th o se  s lo p e s  of 
g r e a t e r  th a n  40 p e r c e n t .  D i r e c t io n a l  o r i e n ta t io n  i s  co d ed  a s  e i th e r  
so u th  w h ich  i s  -1  o r  n o r t h  w h ich  i s  +1 .
The  g e n e r a l  f a c t o r i a l  d e s ig n  in c lu d e s  a  p r e d i c t o r  e q u a tio n
F I G U R E  15 M A T R I X
Time
Since
Burn
35 35 -1225 -1225 -1225 42875 42873 42875 -3 5 1225 1225 122535 -3 5  -3 5I 35
35 -35 -1225 -1225 1225 42675 42875 3535 42875 -3 5 35 1225 1225 1225•35
12251225 122535 - 3 5 35428754207535 122535
35-42875 -42075 351225 -3 5  -1225 1225 122535 -35 -35 rl2251225 -42G?5i-
1225 12251225 -1225 -1225 -42875 42875 35 35 -3 5  -122535 35-35J225 -426/:!
1225 -  122542875 -42075 -3 5 35 -12251225 -42875 3535 -351225 -42875
1225 -  122535 35 -  122542075 -35
—
!-35 -35
35 1225 -1225 -42875 -42875122535 1225 -42875
1225 -42075 -42875 -428751225-35 1225 1225 1225-3 5 -3 5 -35 1225
20 400 400400 8000 -20 20 40020 -400 - 400 8000 8000202 0rtCO 0000;-20
40020 -4 0 0 - 4006000 -  8000 -2 0 -20-400 -  400 400 8000•2020 2020
20 400 40020 -4008000 20400 8000 “ 800020 -400 -4002 0  -2 020 400 -6000
■4008000 20 -4 0 08000 20 -2020 -20 -20 -400 400 400 - 8000-20
-20 20 20 -20400 -0000 -20 20 400 -400 -  400 -  8000 8000 -  4008000 20 -4 0 0 400
8000 -  8000-  6000 20 - 2 0 20 -  400 400 -  400-20 -40020 400 400'•20
400 8000 20 4 0 0 400 40020 “ 400 -  8000 - 2 0 204C0 -8300 -20 400 80001-20
400 400- 2 0 4 00-20 -2 0 8000 “ 8000 -8000 - 2 0 - 2 01-20 400 -BCOO 400 400
G4 - 4 -4-16 64 64
-16 - 6 4-4 “64 -4 -16 64 64
-1664 64-64 -4 -16 - 6 4
-6 4 -4-4 -4 64 - 6 464
64 -  16-16 -  64 6 4 -4-4 -64 -4
-1 6-4 - 6 4 -16-6 4 -4 -4 - 6 4 64
-4 -6 4 64“4 “4 -16 - 6 4
- 4 64-4 -6 4 -4 -4 6 4
49 49 49-7 -7 -3 4 349 -7 -4 9 -4 9 49 -3 4 3
-3 4 3- 7 - 7 -4 9 — 49 -3 4 3 49 — 49 — 4949 343 -7 •49 -3  43 -7
— 49 49- 7 — 4949 343 -4 9 49 - 3 4 3 343 -3 4 3 - 7-7 - 7 —49
-  49 - 4 9 49- 7 -4 9 49 -  343 3 43 34349 343 49
— 49 49-  7 - 4 9-3 4 3343 -7 49 -4 9 ■49 343 34349
- 4 9 -  49 4949 343 343 - 7 — 49343 -7 49 - 3 4 349
— 4949 49- 7- 3 4 3343 -7 - 4 9 343 3434949
4949 4934349 343 49 49 49 343 343
U>
74
which i s  a l lu d e d  to  above. The equation  y ie ld s  a p re d ic te d  value  
fo r  any p o in t  w ith in  th e  experim ental reg io n .  Output from t h i s  equa­
t io n  can be thought of as  a response  su r fa ce  which i s  the  r e s u l t  of 
the  s p e c i f i c  combination of l e v e l  and f a c to r s  a t  a p a r t i c u l a r  p o in t  
(Mendenhall, 1968, pp. 52-55). The equation  i s  as fo llow s:
+ . . .  + g^ ,X nX ^X ,+ S  = /  SSE 
^ ^ * 3 9 d o f
where Y = th e  e s t im a te  of th e  volume of f u e l  a t  a p a r t i c u l a r  p o in t ;
x^ = th e  time i n t e r v a l  s in ce  burns; x^ = a l t u t i d e ;  x^ = d i r e c t io n a l  o r i -  
^ 2e n ta t io n ;  3^ . . .  + # 2 4 * 1 * 3 * 4  e s t im a tio n  of th e  in t e r a c t i o n
of terms; and where S = /  SSE i s  th e  e s t im a te  of e r ro r
3 4 d o f
fo r  th e  p r e d ic to r  eq u a tio n .
The p r e d ic to r  equ a tio n  i s  p a r t i c u l a r l y  v a lu a b le  in  t h i s  r e ­
search  design  fo r  i t  enables  an approxim ation of th e  volume of fu e l  
th a t  would be expected a t  any p o in t  in  the  experim enta l reg io n  fo r  
any p a r t i c u l a r  combination of a l t i t u d e ,  s lope  and d i r e c t i o n a l  o r i e n ta t io n .  
Again* i t  i s  r e i t e r a t e d  th a t  v a lu es  can be p re d ic te d  only  fo r  those  f a c ­
to r s  w h ic h  occur under the  response  su r fa ce  — namely fo r  the  
years  1917 through 1959. As p rev io u s ly  noted th e  year 1952 i s  cho­
sen as  an a r b i t r a r y  p o in t  from which to  apply  o u tpu t genera ted  by the 
model. Any one of numerous o th e r  years  could have been chosen.
For i l l u s t r a t i v e  purposes on ly ,  l e t  the  re a d e r  suppose th a t  1972 r a th e r
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th a n  1952 had  b e e n  c h o s e n  a s  the  r e f e r r a l  y e a r .  S ince  th is  p o in t  is  
o u ts id e  the  l im i t s  of the  e x p e r im e n t  i t  m u s t  th en  b e  i n t e r p r e t e d  a s  
a n  e x t r a p o la t io n  of e v e n ts  w h ich  o c c u r r e d  p r i o r  to  the l a s t  le v e l  of 
b u r n - y e a r  w h ich  w as  1959. U ndoubtedly  th is  cou ld  be v e ry  m i s l e a d ­
ing  b e c a u s e  the in t e r a c t i o n  of m a in  e f fe c ts  a t  a  p o in t  on the  p e r i m e t e r  
of the e x p e r im e n ta l  r e g io n  is  l ik e ly  to p o s s e s s  a  l a r g e r  v a r i a n c e  than  
the  i n t e r a c t io n  of m a in  e f fe c ts  of a  p o in t s i tu a te d  s o m e w h e re  w e ll  
u n d e r  the  r e s p o n s e  s u r f a c e  (M endenha ll ,  1968, p. 226). The r e a s o n  
f o r  the  in a b i l i ty  to  p r e d i c t  the n a tu re  of c o m b in a t io n s  of l e v e l s  and 
f a c to r s  o u ts id e  the  e x p e r im e n t a l  r e g io n  is  th a t  in  e s s e n c e  th e r e  a r e  
only  o b s e r v a t io n s  f r o m  one s id e  of th a t  po in t .  The r e l i a b i l i ty  of the 
p r e d ic t io n  of a  p o in t  s i tu a te d  b a c k  f r o m  the  p e r i m e t e r  of the  r e s p o n s e  
s u r f a c e  is  p o s s ib le  b e c a u s e  th e r e  is a  p r e d ic ta b l e  t r e n d  on e i t h e r  
s id e  of th a t  po in t.  A 90 p e r c e n t  c o n f id en ce  l i m i t  h a s  b e e n  p la ce d  
a ro u n d  the  p re d ic t io n s  (A ppendix  2).
The u t i l i ty  of th is  m o d e l  goes  b e y o n d  a  s im p le  p r e d ic t i o n  of 
fu e l  v o lu m e  f o r  th e  s p e c i f i e d  y e a r s  s in c e  b u r n  (-  3 5 , -  2 0 , -  4 an d  7 ), 
T he  m o d e l  i s  c ap a b le  o f  p r e d ic t in g  a  fu e l  v o lu m e  fo r  any  y e a r  
b e tw e e n  th e  t e m p o r a l  e x t r e m e s  of th e  in v e s t ig a t io n  (- 35 and  7 ) 
an d  w i th  an y  c o m b in a t io n  of e n v i ro n m e n ta l  f a c t o r s  — a l t i tu d e ,  
s lo p e ,  a n d  d i r e c t i o n a l  o r i e n t a t i o n .  P e r u s a l  of F ig u r e  25 p ro v id e s  an  
in d ic a t io n  of th e  v a lu e  of the  p r e d i c t o r  eq u a t io n .  Y e a r s  s in c e  b u rn  
a r e  r e c o r d e d  a lo n g  the  X - a x is  and e x p e c te d  v o lu m e  of fu e l  is  r e c o r d e d
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a lo n g  the Y - a x i s .  A p o in t  f ix ed  by  the  c r o s s i n g  of the  X in t e r c e p t  
an d  the Y i n t e r c e p t  s u g g e s t s  the  v o lu m e  of fu e l  to be e x p e c te d  a t  a  
g iv en  le v e l  and  c o m b in a t io n  of f a c t o r s .  H e n ce ,  i t  b e c o m e s  p o s s ib le  
to ob ta in  a  p r e d i c t iv e  v a lu e  f o r  an y  l e v e l  an d  c o m b in a t io n  of f a c to r s  
b e tw e e n  1917 an d  1959.
C h a p a r r a l  lan d  m a n a g e m e n t  p lan n in g  c a n  b e  d e v e lo p e d  w ith 
the  a id  of g ra p h e d  in fo r m a t io n .  The t r e n d  of any  l in e  o r  the c o m ­
p a r i s o n  of the  t r e n d s  of two o r  m o r e  l in e s  p r o v id e s  in s ig h t  in to  the  
v a r io u s  e n v i r o n m e n ta l  f a c e t s  w h ic h  a r e  e x ta n t  a t  s p e c i f ie d  p la c e s .  
H o p efu lly , the  f in a l  a p p l ic a t io n  of th is  e x p e r im e n t a l  p r o c e d u r e  w ill  be  
the  a r t i c u l a t i o n  of m a n a g e m e n t  u n i t s  and  s u b u n i ts  w h ic h  w il l  u l t i m a t e ­
ly  r e s u l t  in  a n  e n h a n c e m e n t  of r e s o u r c e s  r e a l i z a t i o n  of c h a p a r r a l  
b r u s h la n d s .
T H E  DATA BASE
S E L E C T IO N  O F  BURNS
F o u r  a r e a s  w h ich  w e r e  s u b je c te d  to w i ld f i r e  w e r e  c h o se n  
f r o m  w h ich  to o b ta in  s p e c i f i c  s a m p le  in f o r m a t io n  c o n c e rn in g  the  M e n ­
d oc ino  C h a p a r r a l .  V e g e ta t io n  s a m p l in g  w ith in  b u rn e d  a r e a s  p ro v id e d  
sp e c i f ic  c o m p o s i t io n a l  d a ta  and  a l lo w ed  c o m p a r i s o n s  of r e c o v e r y  of 
b r u s h  v o lu m e s  bo th  in  a t e m p o r a l  and  s p a t i a l  c o n te x t .  E a c h  of the 
c h o s e n  s i t e s  h a s  a  v e r i f i a b le  h i s t o r y  of w i ld f i r e  o c c u r r e n c e  of a t  
l e a s t  once  d u r in g  the  p a s t  f if ty  y e a r s .
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D o zen s  of b u r n s  hav e  o c c u r r e d  a lo n g  the  e a s t  s lo p e  of the  
C o a s t  R ange s in c e  1900 ( F ig u re  16). W ild f ir e  r e c o r d s  m a in ta in e d  by 
the  U .S . F o r e s t  S e r v ic e ,  M endoc ino  N a tio n a l  F o r e s t ,  W illow s, C a l i ­
f o r n ia  in d ic a te  th a t  t h e r e  w as  a t  l e a s t  one  m a j o r  c o n f la g ra t io n  in  e ach  
of the d e c a d e s  c o m m e n c in g  w ith  1910 and  c u lm in a t in g  in  I9 6 0 . No 
v e r y  l a r g e  b u r n s  o c c u r r e d  in  the  1 9 6 0 's ;  h o w e v e r ,  one d id  o c c u r  in  
1971.
The 1971 w i ld f i r e  b u r n  is  of r e l a t i v e ly  l i t t l e  va lue  f o r  p u r ­
p o s e s  of th is  s tudy , b e c a u s e  i t  w as  c o n t r o l le d  by a e r i a l  t a n k e r  a t ­
ta c k s  in  w hich  f i r e  r e t a r d a n t s  w e r e  d ro p p e d .  M o s t  r e t a r d a n t s  a r e  
p h o sp h a t ic  f e r t i l i z e r s  e i t h e r  in  a  l iq u id  s t a t e  o r  m ix e d  w ith  i n e r t  s u b ­
s ta n c e s  to p ro d u c e  a  s l u r r y  (C h e m ic a ls  f o r  F o r e s t  F i r e  F ig h t in g ,
1963). It is  d i f f ic u l t  to a s c e r t a i n  in  the  f ie ld  w h a t  e f fe c t  t h e s e  c h e m ­
ic a l  m ix e s  w il l  h a v e  upon the  r e - e s t a b l i s h m e n t  of the  c h a p a r r a l  v e g e ­
ta t io n .  None of the  m a j o r  b u r n  s i t e s  c h o s e n  f o r  th is  r e s e a r c h  w e r e  
s u b je c te d  to a e r i a l  b o m b a r d m e n t  of c h e m i c a l  m ix e s .
The v a r i a n t s  of c o n f ig u ra t io n ,  s lo p e ,  a l t i tu d e  and d i r e c t io n a l  
o r ie n ta t io n  w e r e  s a m p le d  in  e a c h  b u r n  a r e a .  A r e q u i s i t e  of the  s t a ­
t i s t i c a l  m o d e l  is  the  c o n s id e r a t io n  of a  c o m p le te  r a n g e  of v a r i a b l e s  in  
e a c h  b u rn  a r e a  c h o s e n  fo r  s tu d y .
The fo u r  a r e a s  c h o se n  f o r  s tu d y  a r e  s p r e a d  a long  the  e a s t  
f r o n t  of the C o a s t  R ange  o v e r  a  d i s t a n c e  of a p p r o x im a te ly  s e v e n ty  k m . 
Id e a l ly ,  i t  w ould  be  d e s i r a b l e  to ch o o se  b u r n s  th a t  w e re  s p a c e d  a t
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e x a c t  t im e  i n t e r v a l s ,  b u t  of c o u r s e  th is  is  c o n t ro l le d  by the  a c c id e n ­
ta l  o c c u r r e n c e  of w i ld f i r e .  B u rn e d  a r e a s  w h ich  w e re  c h o se n  f o r  th is  
r e s e a r c h  a r e  s e p a r a t e d  by a b o u t 15 y e a r s .  In c lu s io n  of m o r e  than  
fo u r  b u r n  y e a r s  w ould  r e s u l t  in  a n  e x te n s io n  of m o d u la r  c o m p u ta t io n s  
w hich  h a s  b e e n  d e e m e d  u n n e c e s s a r y .  If fu e l  v o lu m e  c a n  be  p r e d ic te d  
f r o m  f o u r  ev en ly  s p a c e d  b u r n  y e a r s  t h e r e  is  l i t t l e  r e a s o n  to  in c lu d e  
m o r e  b u rn e d  a r e a s .
The fo l lo w in g  b u rn e d  a r e a s  w e r e  c h o se n  fo r  d a ta  c o l le c t io n .  
The T ro u g h  S p r in g  b u r n  (F ig u re  16) o c c u r r e d  in  1917 and  i t  d e s t r o y e d  
a p p ro x im a te ly  3 ,2 8 0  h e c t a r e s  of b r u s h  (T he  M endoc ino  N a t io n a l  F o r e s t ,  
A d m in i s t r a t iv e  F i l e s ) .  In 1932, the  E a g le  P e a k  f i r e  b u r n e d  ab o u t  
2, 480 h e c t a r e s  of b r u s h .  The 5 ,2 8 0  h e c t a r e s  Red B r id g e  b u r n  of 
1948 in c lu d ed  2, 176 h e c t a r e s  a l l  p r e v io u s ly  b u rn e d  in  19^9. And f i ­
na lly ,  the N oel S p r in g  R idge b u r n  of 1959 c o n su m e d  a p p r o x im a te ly  
400 h e c t a r e s  of c h a p a r r a l  v e g e ta t io n .
The f a c t  th a t  c h a p a r r a l  b ru s h la n d s  to ta l l in g  m o r e  th a n  tw enty  
th o u san d  h e c t a r e s  b u r n e d  a t  v a r io u s  i n t e r v a l s  o v e r  the l a s t  f if ty  y e a r s  
sh ou ld  be  in d ic a t iv e  of the  m a g n i tu d e  of the  p r o b le m  to  b e  c o n s id e r e d .  
Som e of th e s e  w i ld f i r e  b u rn s  h a v e  b e e n  s a m p le d  in  o r d e r  to  g a r n e r  
s p e c i f ic  d a ta  c o n c e rn in g  the r e c o v e r y  of v e g e ta t io n  s in c e  e a c h  b u rn  
y e a r .
S am p lin g  P r o c e d u r e s
T o p o g ra p h ic  m a p s  of the 7. 5 m in u te  s e r i e s  (1 :2 4 ,0 0 0 )  p r o -
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v id ed  th e  b a s i s  f o r  d e l in e a t io n  of b u rn e d  a r e a s  w h ich  s e r v e d  a s  s tudy  
s i t e s .  A ll  s i t e s  s e l e c t e d  a r e  s i tu a te d  a lo n g  the  e a s t  f r o n t  of the  
C o a s t  R ange  in  the M en d o c in o  N a tio n a l  F o r e s t  f r o m  a zone a b o u t  siacty 
k m .  lo n g  a n d  s e v e n  to  tw e n ty  k m .  w id e .
A m e th o d  of s a m p l in g  w a s  em p lo y e d  th a t  in s u r e d  s i t e  s e l e c ­
t ions  th a t  in c lu d e  a n  a r r a y  of e n v i ro n m e n ta l  f a c t o r s .  In e ac h  b u rn e d  
a r e a  s e l e c t e d  f o r  s tu d y  th a t  the s p a t i a l  v a r i a n t s  of a l t i tu d e ,  d i r e c t io n a l  
o r i e n ta t io n  and  s lo p e s  a lo n g  w ith  b r u s h  ty p e s  w e r e  s a m p le d .  E v e r y  
p o s s ib le  c o m b in a t io n  of f a c t o r s  m u s t  b e  found to  o c c u r  in  e a c h  b u rn  
y e a r  s e l e c t e d .  To i l l u s t r a t e ,  s u p p o se  th a t  in  h y p o th e t ic a l  b u r n  A 
th e r e  a r e  no n o r th  s lo p e s .  H y p o th e t ic a l  b u r n  B m ig h t  h av e  n o r th  
s lo p e s  b u t  a l l  a l t i tu d e s  a r e  be lo w  7 6 2 .5  m e t e r s .  T h e s e  two le v e l s  
of b u rn  cou ld  no t be  a n a ly z e d  w ith  the  m o d e l  u s e d  in  th is  r e s e a r c h  
s tu d y , f o r  a l l  l e v e l s  of b u r n  m u s t  p o s s e s s  e a c h  p o s s ib le  c o m b in a t io n  
of e n v i r o n m e n ta l  f a c t o r s .
S e v e r a l  s a m p le  s i t e s  w e r e  s u r v e y e d  in  e a c h  b u rn .  The a c tu a l
n u m b e r  of s i t e s  v a r i e d  a c c o r d in g  to  the  s i z e  of the  b u r n  and  i t s  a c ­
c e s s i b i l i t y .  S m a l l  b u r n s ,  s u c h  a s  the  N oe l S p r in g  R idge b u r n  of 1959, 
h a d  a p p r o x im a te ly  40 s a m p l e  s i t e s  w h e r e a s  the  R ed  B r id g e  b u r n  of 
1948 c o n s i s t e d  of a b o u t  100 s a m p le  s i t e s  s c a t t e r e d  th ro u g h o u t  the 
5 ,2 0 0  h e c t a r e s  of b u rn e d  o v e r  c h a p a r r a l .
P r o c e d u r e s  f o r  o b ta in in g  d e s c r i p t i v e  q u a l i t i e s  of s h ru b  c o v e r  
a s  a  q u a n t i ta t iv e  e x p r e s s i o n  of p la n t  n u m b e r s  and  s i z e s  h av e  b e e n
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e f fe c t iv e ly  in s t i tu te d  by B en t ley  and  o th e r s  ( I 9 6 8 ; s e e  a l s o  Lyon,
1968 , pp. 115 -118 ) . A n  e s t i m a te  of fu e l  c h a r a c t e r i s t i c s  i s  m a d e  by 
d e te r m in in g  the  v o lu m e  of s p a c e  o c cu p ie d  by e a c h  s h ru b  ( F ig u r e  17).
O th e r  f a c e t s  of the  s a m p l in g  p r o c e d u r e  a r e  w o r th y  of n o te . 
F i r s t ,  no s a m p l in g  w a s  u n d e r t a k e n  n e a r  r o a d s  o r  t r a c t o r  t r a i l s  w h e r e  
the  v e g e ta t io n  m a y  h a v e  b e e n  d i s tu r b e d  o r  in f lu e n c e d  by m a n 's  a c t iv i ty .  
This  e l im in a te d  the  p o s s ib i l i ty  of r e c o r d in g  "ed g e  e f f e c t s "  w hich  
cou ld  j e o p a r d i z e  d a ta  a n a ly s i s .  S econd , e v e n  though  two ty p e s  of 
c o n i fe ro u s  t r e e s  do o c c u r  in  the c h a p a r r a l  b r u s h  they  w e r e  no t in ­
c lu d ed  in  c o m p u te d  v o lu m e s  of fu e l  f r o m  a  s a m p le  s i t e .  O r d in a r i ly  
P in u s  s a b in ia n a  (d ig g e r  p ine) o c c u r s  on ly  s p a r s e l y .  G r e a t e s t  c o n ­
c e n t r a t i o n s  o c c u r  in  the  t r a n s i t i o n  zone  b e tw e e n  c h a p a r r a l  and  f o o t ­
h i l l  g r a s s - w o o d la n d  v e g e ta t io n .  P in u s  a t t é n u a  ta  (knobcone  p ine) is  a g ­
g r e s s i v e  a f t e r  a n  a r e a  is  b u rn e d  and  r a t h e r  d e n s e  f o r e s t s  of th e s e  
p in e s  m a y  c o v e r  s e v e r a l  h u n d re d  a c r e s .  E v e n  though n u m e r o u s  p la c e s  
p o p u la te d  w ith  k n o b co n e  p ine  do o c c u r  a lo n g  th e  e a s t  f r o n t  of the  
C o a s t  R ange  none  w e r e  o b s e r v e d  in  the  b u r n e d  a r e a s  c h o s e n  f o r  th is  
s tu d y . T h i r d ,  r i p a r i a n  v e g e ta t io n  w as  n o t  c o n s id e r e d  in  th is  r e s e a r c h  
b e c a u s e  i t  c o n s i s t s  of t r e e s  r a t h e r  th a n  s h r u b s . F o u r th ,  the  r e s e a r c h ­
e r  c a r e f u l ly  w a tc h e d  f o r  v i s ib le  e v id e n c e  of f i r e  in  the b u rn e d  a r e a s .  
The r e a s o n s  f o r  th is  a r e  to  c o r r o b o r a t e  the  f i r e  r e c o r d s  o b ta in e d  
f r o m  the U .S .  F o r e s t  S e r v ic e  and  to r e f r a i n  f r o m  s a m p l in g  a  s i t e  
w h e re  the  v e g e ta t io n  d id  n o t  b u rn .  F i f th ,  u n i f o r m  p r o c e d u r e s  w e r e
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F ig u r e  17. - -  C h a p a r r a l  s h r u b s  a r e  a s s u m e d  to f i l l  a  
c y l in d e r
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em p lo y ed  a t  a l l  s a m p le  s i t e s  in  a l l  b u rn e d  a r e a s . It i s  im p e r a t i v e  
th a t  u n i fo r m  m e a s u r e m e n t s  a r e  m a d e  s in c e  c a r e l e s s  w o rk  c a n  p r o ­
v ide  unfounded  r e s u l t s .
The a c tu a l  s i t e s  s a m p le d  w e re  s e l e c t e d  by the r e s e a r c h e r  
upon the b a s i s  of a  v i s u a l  a n a ly s i s  of th e  v e g e ta t iv e  c h a r a c t e r i s t i c s .  
The r e s e a r c h e r  m u s t  be  th o ro u g h ly  f a m i l i a r  w ith  c h a p a r r a l  v e g e t a ­
t io n  to be  a b le  to s e l e c t  a  s i t e  c o m p r i s e d  of ty p ic a l  lo c a l  c o n d i t io n s .  
A d m it te d ly  th is  s y s t e m  c o n ta in s  a  s u b je c t iv e  e le m e n t .  C a in  and  
C a s t r o  {I9 5 9 , p. 120) r e m a r k ,  "H o w ev e r ,  a s  we h av e  e m p h a s iz e d  in  
s e v e r a l  p l a c e s  in  th is  M an u a l ,  m e th o d o lo g y  in  the  s tudy  of v e g e ta t io n  
is  no s u b s t i tu te  f o r  ju d g e m e n t  th a t  a r i s e s  f r o m  e x p e r ie n c e  an d  ev en  
f r o m  a fe e l in g  th a t  is  no t b a c k e d  by o b je c t iv e  d a ta " .
The s a m p le  s i t e  c o n s i s t e d  of a  c i r c u l a r  p lo t  w ith  a  r a d iu s  of 
3. 61 m . A c e n t r a l  p o in t  w a s  s e le c te d  f r o m  w h ich  the  p lo t  w as  m e a ­
s u r e d .  A b a m b o o  w and  1 .7 9 5  m . in le n g th  w as  u s e d  bo th  to  c i r c u m ­
s c r ib e  the  a r e a  fo r  s a m p l in g  v e g e ta t io n  and  to  m e a s u r e  the  h e ig h t  
and  d i a m e t e r  of the v e g e ta t io n .  V e g e ta t io n  w as  m e a s u r e d  an d  r e ­
c o rd e d  two w and le n g th s  (a r a d iu s  of 3. 61 m .  ) f r o m  the  c e n t e r  of 
the  p lo t.
E a c h  p lan t w ith in  the  s a m p le  p lo t  (o c c a s io n a l ly  g ro u p  of 
p lan ts )  w as  m e a s u r e d  w ith  the  w and w h ich  w as  m a r k e d  in to  m e t e r s  
and ten th s  of m e t e r s .  The h e ig h t  and c ro w n  d i a m e t e r  of e a c h  p la n t  
o r  g ro u p  of p la n ts  w as  m e a s u r e d  and r e c o r d e d .  P r e f e r a b l y  each
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in d iv id u a l  p la n t  sh o u ld  b e  m e a s u r e d .  F r e q u e n t ly ,  the  v e g e ta t io n  w as 
so  in te r tw in e d  th a t  i t  w as  v i r tu a l ly  im p o s s ib le  to  m e a s u r e  e ac h  p lan t. 
In  the  e v e n t  th a t  th is  o c c u r r e d  the  e n t i r e  s in g le  s p e c ie s  g ro u p  w as 
m e a s u r e d  a s  a  u n it .
E q u ip m e n t  n e ed e d  in  ad d i t io n  to the  m e a s u r in g  wand included; 
a  T h o m m e n s  a l t i m e t e r ;  a  B ru n to n  p o c k e t  c o m p a ss ;  and  7. 5 m in u te  
s e r i e s  to p o g ra p h ic  m a p s .  The a l t i r n e t e r  w as  u s e d  to  en ab le  a c c u r a te  
m a r k in g  of the  s a m p le  s i t e  on to p o g ra p h ic  m a p s .  S lope  ang le  and 
d i r e c t io n a l  o r ie n ta t io n  w e r e  a s c e r t a in e d  th ro u g h  u se  of the  B ru n to n  
p o c k e t  c o m p a s s .  F in a l ly ,  i t  w as im p e r a t iv e  to h a v e  a  fo u r -w h e e l  
d r iv e  v e h ic le .  A c c e s s  by ro ad  to m an y  of the  b u rn s  w as  l im i te d  to 
v e r y  s te e p ,  rough , d r y - w e a t h e r  t r a c t o r  t r a i l s  w hich  a r e  in a c c e s s ib le  
to  n o r m a l  v e h ic u la r  t r a f f i c .
CROWN VOLUMES
P r o c e d u r e s  f o r  the  d e te r m in a t io n  o f  c ro w n  v o lu m e s  h av e  been  
e f fe c t iv e ly  u sed  by o th e r  r e s e a r c h e r s .  B en t ley  and  o th e r s  (1968, 
p . 1) a s s ig n e d  v a r i e g a te d  v e g e ta t io n  in to  c l a s s e s  f o r  d e te r m in a t io n  of 
c ro w n  v o lu m e s .  C ro w n  v o lu m e s  a r e  c o m p u ted  by m u lt ip ly in g  h e ig h t  
of c ro w n  by a r e a  of c ro w n  s u r f a c e  ( F ig u r e  18). T h is  te ch n iq u e  y ie ld s  
a n  a s s e s s m e n t  of s h r u b  c o v e r  w h ich  is  e x p r e s s e d  a s  a  q u a n t i ta t iv e  
m e a s u r e  of the  n u m b e r s  of p la n ts  and  t h e i r  s i z e s .
B en t ley  and h is  c o l le a g u e s  t r a in e d  o b s e r v e r s  to  v is u a l ly  a s ­
s e s s  and  a s s ig n  v e g e ta t io n  v o lu m e  to a  s p e c i f ic  c a te g o ry .  They w e re
5C]£SS___
Limits 
(cu. m.)
100.00
5 0 . 0
4 2 5 . 0 0
12.5
6.312 Class
2 Numbera>
3
0.8
0.4-c
0
Crown d i a m e t e r  (m eters)
F i g u r e  18. - -  L im i t s  of c ro w n  v o lu m e  c l a s s e s  r e l a t e d  
to  c ro w n  h e ig h t  an d  d i a m e t e r
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S o u rce - Bentley and o thers. Sampling Low Shrub Vegetation, 1970
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w o rk in g  w ith  a  s in g le  s p e c ie s  of A r c t o s t a p h o l o s ; h e n c e ,  i t  w as  l e s s  
d i f f ic u l t  than  the  r e c o g n i t io n  of the  f o r m s  and  d im e n s io n s  of the  s e v ­
e r a l  s p e c ie s  of M en d o c in o  C h a p a r r a l .  In th is  s tu d y  e a c h  p la n t  - -  in  
a  s p e c i f ie d  s a m p le  s i t e  - -  w as  m e a s u r e d  and  r e c o r d e d .
F ig u r e  18 is  u s e d  to d e t e r m in e  c ro w n  v o lu m e s .  The h e ig h t  
of the  c ro w n , e x p r e s s e d  in  m e t e r s ,  is  a lo n g  the Y c o o rd in a te  and  
c ro w n  d i a m e t e r  e x p r e s s e d  in  m e t e r s  is  a lo n g  the  X c o o rd in a te .  C la s s  
l im i t s  a r e  d ra w n  s t a r t i n g  a t  0. 1 cu b ic  m e t e r  and  doub ling  w ith  e a c h  
c l a s s  u n til  200 cu b ic  m e t e r s  a r e  r e a c h e d .  O nce  th e  m e a s u r e m e n t s  
of a  p a r t i c u l a r  s h r u b  h ad  b e e n  o b ta in e d  i t  th e n  h a d  to be  a s s ig n e d  a  
c l a s s  v a lu e .  T h is  w a s  a c h ie v e d  s im p ly  by f in d in g  the i n t e r s e c t i o n  of 
the  a b s c i s s a  and  the  o r d in a te  an d  no ting  the  in d e x  n u m b e r  w h ich  s i g ­
n if i e s  the  c l a s s  l i m i t s .
O nce the  c ro w n  v o lu m e  c l a s s  in d e x  n u m b e r  w as  o b ta in e d  i t  
w as  n e c e s s a r y  to  r e f e r  to  T a b le  3 to  d e t e r m i n e  the  a s s ig n e d  c l a s s  
v a lu e  fo r  e ac h  s h r u b .  T h is  v a lu e  r e p r e s e n t e d  th e  p la n t ' s  v o lu m e  a s  
though  i t  o c cu p ie d  a  c y l in d e r .  S ince  m o s t  of the  a r e a  is  o c c u p ie d  by 
the s h r u b  i t  i s  a s s ig n e d  fu l l  v a lu e .  V a lu es  f o r  e ac h  s h r u b  w e r e  t o ­
ta le d  y ie ld in g  the  to ta l  v o lu m e  of a l l  s h r u b s  o ccu p y in g  a  s a m p le  s i t e .
TABLE 3
CROWN VOLUME LIMITS AND MIDPOINT VALUES 
FOR EACH 12 VOLUME CLASSES *
Crown Volume 
Class
1
2
3
4
5
6
7
8 
9
10
11
12
Upper Class 
Limit 
(cubic meters)
0.10
.20
.40
.80
1.56
3.12
6.25
12.50
25.00
50.00
100.00 
2 0 0 .0 0
Assigned Class 
Value 
(cubic meters)
0 .02
.15
.30
.60
1.18
2.34
4.68
9.37
18.75
37.50
75.00
150.00
* Adapted from Bentley and others, A Technique for Sampling 
Low Shrub Vegetation by Crown Volume Classes, 1970, p. 5.
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C H A P T E R  IV
H Y PO T H E SIS  TESTIN G
Im p le m e n ta t io n  of a  m a n a g e m e n t  p la n  f o r  the  M endocino  
C h a p a r r a l  i s  the o b je c t iv e  of th is  r e s e a r c h .  If, upon  th e  b a s i s  of 
a n a ly s i s  e m p lo y ed  in  th is  d e s ig n ,  i t  b e c o m e s  obv ious  th a t  the v a r i ­
a n ts  of t im e  and s u r f a c e  c o n f ig u ra t io n  do in d e ed  a f f e c t  fue l  v o lu m e s  
i t  i s  im p e r a t iv e  th a t  the im p a c t  of th e s e  f a c to r s  be  c o n s id e re d .  T h o se  
f a c to r s  w h ic h  h av e  d i r e c t  r e l a t io n s h ip  to fu e l  v o lu m e  a r e  r e q u i s i t e  in  
the f o r m u la t io n  of a  m a n a g e m e n t  p la n  and the a p p l ic a t io n  of th a t  p lan  
w h ich  w il l  be  d i s c u s s e d  in  C h a p te r  V.
ANALYSIS O F  FA C T O R S A F F E C T IN G  F U E L  VOLUM E
A s t a t i s t i c a l  m o d e l ,  the  g e n e r a l  f a c t o r i a l  m o d e l  w as c h o se n  
f o r  th is  r e s e a r c h  b e c a u s e  i t  c an  be  em p lo y e d  to  a n a ly z e  bo th  q u a n t i ­
ta t iv e  and  q u a l i ta t iv e  v a r i a b l e s .  The f a c to r s  w h ich  h a v e  b e e n  s e l e c ­
ted  f o r  a n a ly s i s  b e c o m e  i n t e r a c t i o n  t e r m s  w ith  the  f in a l  r e s u l t  b e in g  
a  p r e d ic t io n  of th e i r  c o n t r ib u t io n  to fu e l  v o lu m e . F o u r  d i f f e r e n t  
t im e  le v e l s  d e s c r ib e d  a s  q u a n t i ta t iv e ,  and  t h r e e  le v e l s  of e n v i r o n ­
m e n ta l  f a c t o r s  e v a lu a te d  a s  q u a l i ta t iv e  v a r i a b l e s  w e re  t e s t e d  f o r  t h e i r  
m a in  e f fe c ts  and in te r a c t io n .
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A 90 p e r c e n t  c o n f id en ce  l i m i t  w as  s e le c te d  f o r  te s t in g  the 
r e s e a r c h  h y p o th e s is  and  the  s u p p o r t iv e  h y p o th e s e s .  A (t) t e s t  w as  
p e r f o r m e d  fo r  39 d e g r e e s  of f r e e d o m  and  a  c r i t i c a l  (t) v a lu e  of 1 .6 8  
w as  o b ta in ed .  T e s t in g  of the c o n t r ib u t io n  of the p r e d i c t e d  v a lu es  of 
8 w as e x e c u te d  w ith  s u b se q u e n t  a c c e p ta n c e  o r  r e j e c t i o n  of the h y ­
p o th e s e s .  If the  (t) s c o r e  of a  f a c t o r  w a s  eq u a l to o r  g r e a t e r  than
1 .6 8  th en  the r e s e a r c h  h y p o th e s i s  is  a c c e p te d .  H o w e v e r ,  i f  the (t) 
s c o r e  is  l e s s  th a n  1 .6 8  the  nu ll h y p o th e s i s  th a t  the f a c t o r  h a s  n e g l i ­
g ib le  e f fe c t  m u s t  be a c c e p te d  w ith  s u b s e q u e n t  r e j e c t i o n  of th a t  r e ­
s e a r c h  h y p o th e s i s .
H Y PO TH ESIS
This  f a c t o r i a l  d e s ig n  w a s  f o r m u la t e d  p r i m a r i l y  to  t e s t  the 
m a in  r e s e a r c h  h y p o th e s i s  th a t  the  e v o lu t io n  of M en d o c in o  C h a p a r r a l  
b r u s h la n d s  is  d e p e n d e n t  upon  s e l e c t  e n v i r o n m e n ta l  f a c to r s  a c t in g  
w ith in  a  t im e  d e p e n d e n t  s y s t e m  s u c h  th a t  fu e l  v o lu m e  w il l  s ig n i f i c a n t ­
ly v a ry  thus  r e s u l t i n g  in  v a r i a n c e  in  w i ld f i r e  p o te n t ia l .
If the  i n t e r a c t i o n  of th e s e  e n v i r o n m e n ta l  f a c t o r s  th ro u g h  a 
s p a n  of t im e  c an  be a s s e s s e d ,  th e n  m a n a g e m e n t  p r o c e d u r e s  can  be 
fo r m u la te d .  B e f o re  th e  v a l id i ty  of th is  p o s tu la te  c a n  be a s c e r t a i n e d  i t  
is  n e c e s s a r y  to e v a lu a te  s u p p o r t iv e  h y p o th e s e s .
T H E  E F F E C T  O F  A L T IT U D E  U PO N  T H E VOLUM E O F  F U E L  P R O ­
D U CED
The s u p p o r t iv e  h y p o th e s i s  th a t  the  v o lu m e  of fu e l  p ro d u c e d
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in  th e  M endocino  .C h a p a r r a l  is  a f f e c te d  by a l t i tu d e  w a s  t e s t e d .  I t  is  
r e a s o n a b le  to  a s s u m e  th a t  b e c a u s e  o f the  e f fe c t  o f  a l t i tu d e  upo n  su ch  
f a c t o r s  a s  t h e r m a l  a n d  m o i s tu r e  co n d it io n s  fu e l  v o lu m e s  w ill  b e  a f ­
f e c te d .  S u b jec tiv e  e s t i m a te s  a f t e r  b r i e f ly  c o n s id e r in g  the  r e s e a r c h  
a r e a  p ro b a b ly  w ou ld  b e  to  a t ta c h  c o n s id e r a b le  s ig n i f ic a n c e  to th is  
p a r a m e t e r .
I t  w as  found th a t  a l t i tu d e  y ie ld e d  a  (t) s c o r e  o f  - 1 .3 3  w hich  
is  b e lo w  the  1 .6 8  a c c e p ta n c e  le v e l .  T h e r e f o r e ,  H q 2 = 0 w as  a c c e p te d  
and  and  Hgg w e r e  re je c te d (S e e  p a g e  65 ) .
C o n s id e ra t io n  of T ab le  4 s u g g e s t s  th a t  a l t i tu d e  does  h av e  
s o m e  e f fe c t  b e c a u s e  of the  d i f f e r e n c e s  in  fu e l  v o lu m e s  th a t  o c c u r  a t  
f o u r  d i f f e r e n t  c o m b in a t io n s  of l e v e l s .  N ote  th a t  a f t e r  t h i r t e e n  y e a r s  
(1959) s in c e  the  l a s t  w i ld f i r e  b u r n  th e  low  a l t i tu d e  c l a s s  s i tu a te d  on 
a  so u th  e x p o s u r e  p ro d u c e s  g r e a t e r  fu e l  v o lu m e  th a n  an y  of the  r e m a i n ­
ing  c o m b in a t io n s .  (T he  d e s c r ip t i v e  t e r m s  h ig h  and  low  w il l  in  th is  d i s ­
c u s s io n  r e f e r  to  one o r  the  o th e r  of the  two l e v e l s  of e a c h  f a c t o r . )
In  f a c t  i f  both  l e v e l s  of a l t i tu d e  f o r  a  so u th  e x p o s u r e  a r e  c o m p a r e d  i t  
i s  s e e n  th a t  low a l t i tu d e  fu e l  v o lu m e  is  p r a c t i c a l l y  50 p e r c e n t  h ig h e r  
th a n  th a t  of h ig h  a l t i tu d e .  F u e l  v o lu m e s  f o r  low  a l t i tu d e  so u th  s lo p e s  
a r e  g r e a t e r  th a n  h ig h  a l t i tu d e  so u th  s lo p e s  u n t i l  b u r n  le v e l  40 (1932) 
i s  r e a c h e d .  R e f e r e n c e  to  F ig u r e  21 in d ic a te s  th a t  h ig h  a l t i tu d e  so u th  
s lo p e  v e g e ta t io n  r e a c h e s  th e  s a m e  v o lu m e  a s  low  a l t i tu d e  j u s t  s l ig h t ly  
a f t e r  35 y e a r s  s in c e  b u r n .  Low a l t i tu d e  so u th  s lo p e  v e g e ta t io n  is
TABLE 4
PREDICTED FUEL VOLUMES OF SPECIFIED BURN YEARS 
SEGREGATED UPON THE BASIS OF A SINGLE VARIANT
Total Volume <762.5 >762.5 <762.5 > 7 62.5 < 4 0 % >40% < 4 0 % > 4 0 %
Years Since 
B u m
S N S S N N S S N M
13 87.51 76.91 51.63 35.88 41.38 35.53 47.82 39.69 44.19 32.72
15 110.35 83.64 66.55 43.80 42.30 41.34 56.14 54.21 44.22 39.22
17 124.28 92.92 75.74 48.54 47.79 45.13 57.94 66.34 44.63 48.29
24 168.50 140.20 99.36 69.14 70.15 69.87 65.64 102.86 58.37 81.65
28 195.87 170.06 112.08 83.79 84.22 85.84 79.25 116.62 73.07 96.99
32 233.75 207.38 125.11 108.61 89.52 117.86 97.42 136.33 95.00 112.38
40 284.41 250.46 131.46 15.2.95 106.47 143.99 130.24 154.17 119.15 131.31
48 312.80 260.42 138.10 174.70 117.76 142.66 156.86 155.94 132.28 128.14
35 306.73 215.80 143.37 163.36 119.90 95.90 165.08 141.65 115.18 100.62
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c h a r a c t e r i z e d  by e x te n s iv e  a r e a s  w ith  v e ry  s te e p  s lo p e s .  B en tley  
(1965, p. 10) s u g g e s ts  th a t  s t e e p n e s s  of s lo p e  is  a s  im p o r ta n t  a s  the 
s o i l  type in  the d e te r m in a t io n  of the  f e a s ib i l i ty  of ty p e - c o n v e r s io n  of 
c h a p a r r a l  b r u s h la n d s  b e c a u s e  of the  d if f icu l ty  of o p e ra t in g  m a c h in e ry  
on s te e p  s lo p e s .
L o g ic a l ly ,  s lo p e  w ould  s e e m  to be an  im p o r ta n t  e n v iro n m e n ta l  
f a c to r  in f lu en c in g  the v o lu m e  of fu e l  i f  f o r  no o th e r  r e a s o n  th an  the 
e x p ec te d  o c c u r r e n c e  of sh a l lo w , ro c k y  , s o i l s  in  a r e a s  of s te e p  s lo p e .  
G en tle  s lo p e s  p r e s u m a b ly  cou ld  r e s u l t  in  g r e a t e r  so i l  d ep th s  b e c a u s e  
of r e d u c e d  s h e e t  e r o s io n  and  p e r h a p s  l e s s  gu lly ing .
T e s t in g  of the s u p p o r t iv e  h y p o th e s i s  th a t  s lo p e  does  a f fe c t  
the  v o lu m e  of fu e l  p ro d u c e d  y ie ld e d  a t  (t) s c o r e  of 1 .8 5 .  T h e r e f o r e ,  
w as a c c e p te d  s in c e  the c r i t i c a l  (t) v a lu e  is  1. 68 and i t  can  be c o n ­
c luded  th a t  s lo p e  does  a f fe c t  fu e l  v o lu m e . H q^ and  w e re  r e j e c te d .
In c o n s id e r a t io n  of the  e f fe c t  of s lo p e  i t  a g a in  is  i l lu m in a t in g  
to c o n s id e r  T ab le  4. W h ere  s lo p e  is  l e s s  th an  40 p e r c e n t  on a  south  
e x p o s u r e  a t  the  13 y e a r  b u r n  le v e l ,  fu e l  v o lu m e  is  h ig h e r  than  f o r  any 
o th e r  c o m b in a t io n  of s lo p e  and  e x p o s u r e  f o r  th a t  y e a r .  S i te s  w ith  low 
s lo p e  and  n o r th  e x p o s u r e  d is p la y  n e a r ly  the  s a m e  v o lu m e  a s  low slope- 
sou th  e x p o s u r e .  S o m e t im e  d u r in g  the 15th o r  16th y e a r  s in c e  b u rn ,  
h igh  s lo p e  fu e l  vo lu m e  b e c o m e s  s ig n i f ic a n t ly  g r e a t e r  th a n  low s lo p e  
fu e ls  on s o u th e r n  e x p o s u r e s .  F u e l  v o lu m e s  ra p id ly  i n c r e a s e  f r o m  the 
17th y e a r  u n t i l  the  24 th  y e a r  s in c e  b u r n  a f t e r  w h ich  th e r e  is  s low ing
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shown to gradually increase to the edge of the experim ental region  
at 55 years (1917) since burn. Note that high altitude south slope 
vegetation volume m axim izes at 48 years (1924) since burn and de­
clines appreciably after that point is reached.
Again in referring to Table 4 the north exposure low a lti­
tude fuel volume is  higher than high altitude volum es of the same 
exposure. When the fuel volumes are graphed (Figure 22) it is  ob­
vious that after 15 years (1957) since burn until 28 years (1944) both 
altitudinal c la s se s  are alm ost identical. However, at about 26 years 
since burn high altitude volumes become greater than that of low a l­
titude and m axim ize at approximately 40 years (1932) since burn.
After that time the volum es become le s s  than low altitude volumes 
after 51 years (1921) and continue to decrease until 55 years (1917). •
Apparently the influence of altitude is  not important enough to 
generate an acceptable (t) score; however, it does appear that an a lti-  
tudinal effect can be observed in tabular and graphic form . If altitude 
did not affect the volume of fuel, trend lin es on the graphs (Figure 
i l  and 22) would be nearly identical. This» in fa c t ,is  exactly what 
happens for north slope volum es for the interval since burn of approx­
im ately 15 through 28 years. At a ll other points in time there is at 
 ^ lea st som e volume difference linked to altitude.
THE EFFECT OF SLOPE UPON THE VOLUME OF FUEL PRODUCED 
¥
•t‘
Mendocino Chaparral is found to occur in mountainous terrain
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c h a r a c t e r i z e d  by e x te n s iv e  a r e a s  w ith  v e r y  s t e e p  s lo p e s .  B en t ley  
( 1965 , p. 10) s u g g e s t s  th a t  s t e e p n e s s  of s lo p e  is  a s  im p o r ta n t  a s  the 
s o i l  type  in  the d e t e r m in a t io n  of the  f e a s ib i l i ty  of ty p e - c o n v e r s io n  of 
c h a p a r r a l  b ru s h la n d s  b e c a u s e  of the  d if f icu l ty  of o p e ra t in g  m a c h in e r y  
on s te e p  s lo p e s .
L o g ic a l ly ,  s lo p e  w ould  s e e m  to be a n  im p o r t a n t  e n v i ro n m e n ta l  
f a c to r  in f lu en c in g  the v o lu m e  of fu e l  i f  f o r  no o th e r  r e a s o n  th a n  the  
e x p e c te d  o c c u r r e n c e  of sh a l lo w , ro c k y  s o i l s  in  a r e a s  of s te e p  s lo p e .  
G en tle  s lo p e s  p r e s u m a b ly  cou ld  r e s u l t  in  g r e a t e r  s o i l  d e p th s  b e c a u s e  
of r e d u c e d  s h e e t  e r o s i o n  and  p e r h a p s  l e s s  g u lly ing .
T e s t in g  of the  s u p p o r t iv e  h y p o th e s i s  th a t  s lo p e  d o e s  a f fe c t  
the  v o lu m e  of fu e l  p ro d u c e d  y ie ld e d  a t  (t) s c o r e  of 1 .8 5 .  T h e r e f o r e ,  
w as  a c c e p te d  s in c e  the  c r i t i c a l  (t) v a lu e  is  1. 68 and  i t  c a n  be  c o n ­
c luded  th a t  s lo p e  d o e s  a f f e c t  fu e l  v o lu m e .  H q2 and  H23  w e r e  r e j e c t e d .
In c o n s id e r a t io n  of th e  e f fe c t  of s lo p e  i t  a g a in  i s  i l lu m in a t in g  
to c o n s id e r  T ab le  4. W h ere  s lo p e  is  l e s s  th an  40 p e r c e n t  on a  sou th  
e x p o s u r e  a t  the  13 y e a r  b u r n  le v e l ,  fu e l  v o lu m e  is  h ig h e r  th a n  f o r  any 
o th e r  c o m b in a t io n  of s lo p e  and  e x p o s u r e  f o r  th a t  y e a r .  S i te s  w ith  low 
s lo p e  an d  n o r th  e x p o s u r e  d is p la y  n e a r ly  the s a m e  v o lu m e  a s  low s lope- 
so u th  e x p o s u r e .  S o m e t im e  d u r in g  the  15th o r  l 6 th  y e a r  s in c e  b u rn ,  
h igh  s lo p e  fu e l  v o lu m e  b e c o m e s  s ig n i f ic a n t ly  g r e a t e r  th a n  low  s lo p e  
fu e ls  on s o u th e r n  e x p o s u r e s .  F u e l  v o lu m e s  ra p id ly  i n c r e a s e  f r o m  the 
17th y e a r  u n t i l  the 24 th  y e a r  s in c e  b u r n  a f t e r  w h ich  th e r e  is  s low ing
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of the r a t e  of v o lu m e  in c r e a s e  (F ig u r e  23). A f te r  48 y e a r s  s in ce  
b u r n  the  v o lu m e  of fu e l  found to  o c c u r  on s te e p  s o u th e r n  e x p o s u r e s  
d e c l in e s  be low  th a t  of the  g en tle  s lo p e  t r e n d .
The t r e n d  l in e s  fo r  so u th  fa c in g  e x p o s u r e s  d is p la y  s o m e  i n ­
t e r e s t i n g  f e a t u r e s .  The im p o r ta n c e  of the  d e c r e a s e d  r a t e  of v o lu m e  
p ro d u c e d  b e tw e e n  24 y e a r s  and 28 y e a r s  is  in d eed  s ig n if ic a n t .  A n­
o th e r  i n t e r e s t i n g  f a c t  is  the v e r y  u n i fo rm  r a t e  of in c r e a s e d  fu e l  v o l ­
u m e  f r o m  the  24th  y e a r  un ti l  the  48th  y e a r  on g e n tle  sou th  fa c in g  
s lo p e s .  It a l s o  shou ld  be n o ted  th a t  the v o lu m e  of fu e l  is  s t i l l  i n ­
c r e a s in g  a l l  the way to the e x t r e m i ty  of the r e s p o n s e  re g io n  on g en tle  
s o u th e r ly  f a c in g  e x p o s u r e s  (T he e x p la n a t io n  of th e se  t r e n d s  w il l  be  
s p e c u la te d  upon  in  the  co n c lud ing  c h a p te r ) .
THE E F F E C T  O F  D IR E C T IO N A L  O R IE N T A T IO N  U PO N  THE VOLUM E 
O F  F U E L
D ir e c t io n a l  o r ie n ta t io n  a l s o  m ay  in f lu en ce  the  v o lu m e  of fu e l  
th a t  is  p ro d u c e d  and p r e s u m a b ly  in  m u ch  the s a m e  m a n n e r  th a t  a l t i ­
tude w ould  be e x p e c te d  to  in f lu en c e  m o i s t u r e  and  t e m p e r a t u r e  c o n d i­
t io n s .  The th i r d  s u b -h y p o th e s i s  th a t  e x p o s u r e  a f fe c ts  the  v o lu m e  of 
fu e l  p ro d u c e d  w as  t e s t e d  u n d e r  th e  s a m e  co n d it io n s  a s  the  p re c e d in g  
h y p o th e s e s .
A (t) s c o r e  of - 0 .8 2  w as  g e n e r a te d  by d i r e c t io n a l  o r ie n ta t io n .  
T h is  is  w e l l  be low  the  c r i t i c a l  (t) v a lu e  of 1 .6 8  so  H j^  and H24 w e re  
r e j e c t e d .  E x p o s u r e  th e r e f o r e ,  c an  not be  c o n s id e re d  a s  h a v in g  c o n ­
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t r ib u te d  s ig n if ic a n t ly  to the  v o lu m e  of fue l p ro d u c e d  in  the  M endocino  
C h a p a r r a l .  It shou ld  be n o ted  th a t  e x p o s u r e  d is p la y s  the  w e a k e s t  
a s s o c i a t i o n  of in f lu en c e  upon fu e l  v o lu m e  of any  of the s e le c te d  e n ­
v i r o n m e n ta l  f a c t o r s .
South  s lo p e  v e g e ta t io n  v o lu m e s  a t  a l l  l e v e l s  of b u rn  y e a r s  a r e  
g r e a t e r  th an  th o se  of n o r th  s lo p e s  (T ab le  4). C o m p a r i s o n  of e a c h  of 
the  t r e n d  l in e s  ( F ig u r e  20) f o r  the  two le v e l s  of s lo p e  show s n e a r  u n i ­
fo r m i ty  u n t i l  the  40th  y e a r  s in c e  b u r n .  A t th a t  t im e  n o r th  s lo p e  v o l ­
u m e  is i n c r e a s i n g  a t  a r e t a r d e d  r a t e  and  so u th  s lo p e  v o lu m e s  d is p la y  
g r e a t e r  i n c r e a s e .  A f te r  48 y e a r s  s in c e  b u rn ,  bo th  n o r th  and so u th  
v o lu m e  p ro d u c t io n  is  d e c r e a s i n g .  A t th a t  p o in t  in  t im e  n o r th  s lo p e  
v o lu m e  d e c r e a s e s  v e ry  r a p id ly  and th e  g r e a t e s t  s p r e a d  b e tw e e n  the 
two t r e n d s  is  found to  o c c u r .  I t is  q u ite  p o s s ib le  th a t  if  a  m o r e  
leng thy  h i s t o r y  of b u r n  w e r e  a v a i l a b le  and t r e n d s  c o n tin u e  su ch  a s  
they  a r e  a t  55 y e a r s  th a t  e x p o s u r e  m ig h t  d is p la y  g r e a t e r  s ig n i f ic a n c e  
th a n  w as  g e n e r a te d  by the m o d e l .
C o n s id e r a t io n  of the  s u b -h y p o th e s e s  ab o v e  r e s u l t e d  in  the  a c ­
c e p ta n c e  of only s lo p e  a s  b e in g  s t a t i s t i c a l l y  im p o r ta n t .  H o w ev e r ,  a l ­
t i tu d e  y ie ld e d  a  t e s t  s t a t i s t i c  w h ich  w as v e ry  c lo s e  to  the  a c c e p ta n c e  
re g io n .  E x p o s u r e  w as  the only e n v i ro n m e n ta l  p a r a m e t e r  w hich  d id  not 
d isp la y  an  e f fe c t  of a t  l e a s t  c o n s id e r a b le  s ig n i f ic a n c e .
T H E E F F E C T  O F  TIM E U PO N  E X P E C T E D  F U E L  VOLUM E
P r e d i c t e d  fu e l  v o lu m e s  f o r  a l l  l e v e l s  of b u r n  and  v a r io u s
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FIGURE 19
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F ig u r e  19. - -  P r e d i c t e d  fu e l  v o lu m e  f o r  a l l  co m b in a t io n s  
of a l t i tu d e ,  s lo p e  and  d i r e c t io n a l  o r ie n ta t io n
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FIGURE 20
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F ig u r e  20. - - P r e d i c t e d  fu e l  v o lu m e  f o r  s lo p e s  o r ie n te d  
n o r th  o r  so u th
South Orientation-Total Volume 
North Orientation-Total Volume
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FIGURE 21
SOUTHERN ORIENTATION
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F ig u r e  21. - - P r e d i c t e d  fu e l  v o lu m e  f o r  so u th  fa c in g
s lo p e s  g r e a t e r  th a n  762. 5 m .  and  l e s s
th a n  762. 5 m .
FI GURE 2 2
NORTHERN ORIENTATION
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F i g u r e  22. - - P r e d i c t e d  fu e l  v o lu m e  f o r  n o r th  fa c in g  
s lo p e s  g r e a t e r  th an  762. 5 m .  and  l e s s  
th a n  762. 5 m .
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FIGURE 2 3
PEflCENT S. SLOPE
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F ig u r e  23. P r e d i c t e d  fu e l  v o lu m e  f o r  so u th  fac in g  
s lo p e s  w ith  l e s s  th a n  40 p e r c e n t  s lo p e  
and  g r e a t e r  th an  40 p e r c e n t  s lo p e
FIGURE 2  4
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F ig u r e  24. - -  P r e d ic t e d  fu e l  v o lu m e  f o r  n o r th  fac in g  
s lo p e s  w ith  l e s s  th a n  40 p e r c e n t  s lo p e  
and  g r e a t e r  than  40 p e r c e n t  s lope
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F ig u r e  25. - -  P r e d ic t e d  fu e l  v o lu m e  f o r  s p e c i f i c  y e a r s  
and  a l l  c o m b in a t io n s  of l e v e l s  of f a c to r s
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FIGURE 26
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F ig u r e  26. - -  P r e d i c t e d  fu e l  v o lu m e  f o r  s p e c i f ic  y e a r s  
an d  c o m b in a t io n s  of f a c t o r s  o c c u r r in g  a t
s i t e s  w ith  so u th  o r i e n ta t io n
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F ig u r e  27. - - P r e d i c t e d  fu e l  v o lu m e  f o r  s p e c i f ic  y e a r s  
and  c o m b in a t io n s  of f a c to r s  o c c u r r in g  a t  
s i t e s  w ith  n o r th  o r i e n ta t io n
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FIGURE 2 8
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F i g u r e  28. - -  P r e d i c t e d  fue l v o lu m e  f o r  s p e c i f ic  y e a r s  
and  c o m b in a t io n s  of f a c t o r s  o c c u r r in g  bo th  
on  n o r th  and  so u th  o r i e n ta t io n
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FIGURE 2 9
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F ig u r e  29. - -  P r e d i c t e d  fu e l  v o lu m e  f o r  s p e c i f ic  y e a r s
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c o m b in a t io n s  of f a c to r s  w e r e  r e c o r d e d  in  T ab le  5. The code  f o r  each  
c o m b in a t io n  of f a c to r s  is  r e c o r d e d  in  the f i r s t  c o lu m n  w h ile  the  nex t 
th r e e  c o lu m n s  in the  tab le  a r e  the  f a c to r s  c o r r e s p o n d in g  to th a t  code. 
S e v e r a l  r e p r e s e n t a t i v e  b u r n  y e a r s  w e r e  s e le c te d  f o r  in c lu s io n  in  th is  
ta b le .  I t shou ld  be no ted  th a t  o b s e r v e d  f ie ld  d a ta  is  a v a i l a b le  f o r  13, 
24, 40 and  55 y e a r s  s in c e  b u r n ,  a l th o u g h  the  v a lu e s  e n t e r e d  h e r e  a r e  
fu e l  v o lu m e s  a s c e r t a i n e d  by the p r e d i c t o r  eq u a t io n .  The a d d i t io n a l  
l e v e l s  of 15, 17, 28, 32 and  48 y e a r s  s in c e  b u r n  w e r e  a r b i t r a r i l y  s e ­
l e c te d  and  v a lu es  w e r e  c o m p u te d  by the p r e d i c t o r  e q u a t io n .  The t im e  
s p a n  f o r  b u rn  le v e l s  w as  c h o s e n  to  y ie ld  a  r e a d in g  f o r  p e r io d s  of up 
to  e ig h t  y e a r s  b e tw e e n  o b s e r v a t io n s .  A c tu a l ly  th e s e  n ine  b u r n  le v e l s  
y ie ld  v a lu e s  w hich  c a n  be p lo t te d  on a  s e r i e s  of g r a p h s ,  an d  an  a p ­
p r o x im a t io n  of fu e l  m a y  be m a d e  f o r  any  le v e l  of b u r n  y e a r  and  c o m ­
b in a t io n s  of f a c to r s  f r o m  13 to 55 y e a r s  (1959-1917) s in c e  b u rn .
The s u p p o r t iv e  h y p o th e s i s  th a t  M en d o c in o  C h a p a r r a l  i n c r e a s e s  
in  v o lu m e  w ith  i n c r e a s e d  a g e  c a n  be te s t e d  in  two w a y s .  F i r s t ,  the 
s t a n d a r d  (t) t e s t  w as  p e r f o r m e d  and , s e c o n d ,  the  t r e n d  of e a c h  le v e l  
of b u rn  and  f a c to r  c o m b in a t io n  w a s  e v a lu a te d .  R e s u l t s  of th e s e  two 
te c h n iq u e s  a r e  v e ry  r e v e a l in g .  The (t) t e s t  in d ic a te s  th e  v a l id i ty  of 
the  su p p o r t iv e  h y p o th e s is ;  and  th e  e v a lu a t io n  of e a c h  le v e l  and  c o m b i­
n a t io n  of f a c to r  in d ic a te s  the lo c a t io n  of c r i t i c a l  t im e s  f o r  a  s p e c if ic  
t r e a t m e n t  to c o n tro l  fu e l  v o lu m e .
T e s t in g  of the  im p o r ta n c e  of in c r e a s in g  a g e  in  the d é t e r m i n a -
Code
TABLE 5
PREDICTED FUEL VOLUMES OF SPECIFIED BURN YEARS ACCORDING 
TO CODED VARIANTS-TIME, ALTITUDE, SLOPE AND DIRECTIONAL ORIENTATION
Altitude Slope Directional
( m e te r s )
-1 <762.5 <  40%
1 <762.5 <  40%
-1 <762.5 > 4 0 %
1 <762.5 > 4 0 %
-I >762.5 <40%
1 >  762.5 <  40%
-1 > 7 6 2 . 5  > 4 0 %
Orientation 13 15 17
Years Since Burn 
24 28 32 40 48 55
25.54 33.14 35.33 41.80 46.68 55.05 57.71 60,94 62.75
21.35 24.33 24.97 30.68 39.91 39.30 48.18 51.39 48.80
26.09 33.41 40.41 57.56 65.40 70.06 73.75 77.16 80.62
N 20,03 17.97 22.82 39.47 44.31 50.22 58.29 66.37 71.10
22.28 23.00 22.61 23.84 32,57 42.37 72.53 95.92 102.33
N 22.84 20.09 19.66 27.69 33.16 55.70 70.97 80.89 66.38
13,60 20.80 25.93 45.30 51.22 66.27 80.42 78.78 61.03
o
1 1 1 > 7 6 2 . 5  > 4 0 % 12.69 21.25 25.47 42.18 52.68 62.16 73.02 61.77 29.52
106
tion of fuel volumes yielded a (t) score of 4. 52 which exceeds the 
critica l (t) of 1.68 by a considerable margin. The supportive hypoth­
e s is  .Hjj was accepted, and it is concluded that the time since the 
last w ildfire burn is  critica l to the volume of fuel produced. As 
sim plistic  as this sub-hypothesis may seem  it lends credence to the 
analysis of predicted volum es year by year. Acceptance of this hy­
pothesis im plies that, in a broad sen se , tim e is  an extrem ely im por­
tant variable. However, in particular instances as evidenced in 
Table 6, there may be cases in which the volume of fuel resulting  
from a particular combination of factors may be le ss  than what would 
be expected for that leve l of burn year.
Further analysis of Table 5 is a worthwhile endeavor, for 
the practical application of observations garnered from this table surer 
ly w ill be of considerable value. For. exam ple, perusal of the first  
combination of factors (-1 -1 -1) indicates that volume tends to in- 
crease at every lev e l of burn year from  13 to 55. When graphed 
(Figure ,26) it is obvious that while the trend is for increased volume 
at a ll  le v e ls , the rate of volume increase is not uniform. Compari­
son of this with another combination of factors (1 -1 1) is revealing. 
At high altitudes on gentle north slopes the volume of fuel actually 
decreases from the point of beginning at 13 years since burn until 18 
years since burn (Figure 27). In this instance, from 28 until 40 
years since burn there is a rapid acceleration  in the volume of fuel
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p ro d u c e d .  D u rin g  the  p e r io d  40 u n t i l  48 y e a r s  v o lu m e  is  s t i l l  in ­
c r e a s in g ,  b u t  the  n e t  g a in  is m a r k e d ly  l e s s  th a n  th a t  of the  p re c e d in g  
12 y e a r s .  F in a l ly ,  d u r in g  the  l a s t  t im e  s p a n  the  v o lu m e  of fu e l  e x ­
i s t in g  a t  55 y e a r s  h a s  d e c l in e d  to  a  v o lu m e  c o m p a r a b le  to  th a t  p r e s e n t  
a t  a p p r o x im a te ly  37 y e a r s  s in c e  b u rn .
E x a m in a t io n  of one m o r e  c o m b in a t io n  of l e v e l s  fo r  i l l u s t r a ­
t iv e  p u r p o s e s  w il l  p r e s e n t  e v en  a n o th e r  c o n t r a s t .  High a l t i tu d e ,  g e n ­
tle  s o u th e r n  e x p o s u r e s  (1 -1 -1 )  p ro d u c e  v e r y  l i t t l e  i n c r e a s e  in  fu e l  
v o lu m e  f r o m  b u r n  y e a r  13 th ro u g h  24 ( F ig u r e  26). D u r in g  the  e ig h t  
y e a r  s p a n  f r o m  24 to 32 y e a r s  s in c e  b u r n  the fu e l  v o lu m e  n e a r ly  
d o u b le s .  The s a m e  o b s e r v a t io n  m a y  b e  m a d e  f o r  the  n e x t  e ig h t  y e a r  
p e r io d  (3 2 -4 0  y e a r s  s in c e  b u rn )  w h e r e  fu e l  v o lu m e  a g a in  is  n e a r ly  
tw ice  th a t  of the p r e c e d in g  8 y e a r  p e r io d .  A t 55 y e a r s  s in c e  b u rn  
the v o lu m e  of fu e l  p ro d u c e d  is  s t i l l  i n c r e a s in g .  In f a c t ,  the  g r e a t e s t  
v o lu m e  of fu e l  f o r  any le v e l  of b u r n  y e a r  and c o m b in a t io n  of f a c t o r s  
is  found a t  h igh  a l t i tu d e  on  a g e n t le  s o u th e r n  e x p o s u r e .
T he  u t i l i ty  of the  a n a ly s i s  of t r e n d s  f r o m  th is  k in d  of d a ta  
w i l l  b e  of c o n s id e r a b le  v a lu e  in  the  r e c o m m e n d a t io n  of a  m a n a g e m e n t  
p la n  w h ich  is  c o n s i s t e n t  w ith  o b s e r v e d  e n v i r o n m e n ta l  f a c t o r s  in  a 
s p e c i f ic  lo c a t io n .  In the  l a s t  c o m b in a t io n  of f a c t o r s  c o n s id e r e d  i t  
w as  n o te d  th a t  the v o lu m e  of fu e l  p ro d u c e d  w as d i f f e r e n t  f o r  v a r io u s  
t im e  s e g m e n t s .  F o r  in s ta n c e ,  in  the  c a s e  of h igh  a l t i tu d e  gen tly  
s lo p in g  s o u th e r n  e x p o s u r e s  (1 -1 -1 )  t h e r e  is  no r e a s o n  to  c o n s id e r
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m a n ip u la t io n  of fu e l  a t  l e a s t  d u r in g  the  y e a r s  13 th ro u g h  24 s in ce  
b u rn .  D u r in g  th o se  y e a r s  the  v o lu m e  of fu e l  r e m a in e d  a t  p r a c t i c a l ly  
the s a m e  le v e l  w h ich  le a d s  one to  co n c lu d e  th a t  m a n ip u la t io n  shou ld  
o c c u r  e i t h e r  b e f o r e  13 y e a r s  s in c e  b u r n  o r  a f t e r  24 y e a r s  s in c e  b u rn .  
S im p ly  f o r  i l l u s t r a t i v e  p u r p o s e s ,  s u p p o se  i t  is  found  th a t  r e d u c t io n  
of fu e l  v o lu m e  sh o u ld  be  in s t i tu te d  w h e n e v e r  a  v o lu m e  of 50 cub ic  
m e t e r s  is  r e a c h e d .  A p p r a i s a l  of F ig u r e  28 s u g g e s t s  th a t  t r e a t m e n t  
sh o u ld  o c c u r  a f t e r  a p p r o x im a te ly  35 y e a r s  s in c e  the  l a s t  b u r n .  O b­
v io u s ly ,  th is  p r o c e d u r e  could  be p e r f o r m e d  fo r  a l l  l e v e l s  and  c o m b i­
n a t io n s  of f a c t o r s  w h ich  w ould a s s e s s  o p t im a l  l e v e l s  f o r  i m p le m e n ta ­
tio n  of a  m a n a g e m e n t  p lan .
TH E R E S E A R C H  H Y PO TH ESIS
T he r e s e a r c h  h y p o th e s i s  i s  th e  c u lm in a t in g  l in k  r e q u i s i t e  to  
the f o r m u la t io n  of v ia b le  r e s o u r c e s  m a n a g e m e n t  p la n n in g  f o r  the  c h a p ­
a r r a l  b r u s h l a n d s .  I t h a s  b e e n  p ro p o s e d  th a t  the e v o lu t io n  of c h a p ­
a r r a l  b r u s h la n d s  is  d e p e n d e n t  u p o n  s e l e c t  e n v i r o n m e n ta l  f a c to r s  a c t ­
ing w i th in  a  t im e  d e p e n d e n t  s y s t e m  su ch  th a t  fu e l  v o lu m e  w il l  s i g n i ­
f ic a n t ly  v a r y ,  th u s  r e s u l t in g  in  v a r i a n c e  in  w i ld f i r e  p o te n t ia l .
P r e s c r i b e d  b u rn in g  is  s u g g e s te d  a s  the p r i m a r y  m e a n s  of 
t r e a t m e n t  to  r e d u c e  fu e l  v o lu m e  b e c a u s e  of the e f f ic a c y  of s u c h  a n  
a p p r o a c h  a s  a p p l ie d  to  a  v a r i e ty  of e n v i ro n m e n ta l  a n d  t e m p o r a l  p a ­
r a m e t e r s .  A l t e r n a t iv e  m e a n s  f o r  d e s t r u c t i o n  and  r e ju v e n a t io n  of 
M en d o c in o  C h a p a r r a l  e x is t ;  h o w e v e r ,  they  do no t h a v e  the  b r o a d - s c a l e
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p o te n t ia l  a p p l ic a t io n  c h a r a c t e r i s t i c  of p r e s c r i b e d  b u rn in g .  In no way 
is  th is  to im p ly  th a t  in  each  s i tu a t io n  b u rn in g  w i l l  be  the  only m e a n s  
of c o n tro l l in g  fue l v o lu m e . U ndoub ted ly , th e r e  is  no s in g le  t r e a t ­
m e n t  fo r  w h ich  th is  s t a t e m e n t  m a y  be  sa fe ly  m a d e .  A d m it te d ly ,  
t h e r e  p ro b a b ly  a r e  m i c r o - s i t u a t i o n s  in  w hich  p r e s c r i b e d  b u rn in g  
w ould  be a m i s t a k e ,  p e r h a p s  a  d r a s t i c  one. N o n e th e le s s ,  p r e s c r i b e d  
b u rn in g  is  a  p o w e rfu l  la n d  m a n a g e m e n t  tool w hen  a p p l ie d  a f t e r  t h o r ­
ough a s s e s s m e n t  of th e  r e s o u r c e  p o te n t ia l  of the  M endoc ino  C h a p ­
a r r a l .
A n a ly s is  in s t i tu t e d  in  th is  r e s e a r c h  h a s  r e s u l t e d  in  the  f o r ­
m u la t io n  of a lo g ic a l  a s s e s s m e n t  of th o se  p a r a m e t e r s  w h ich  a f fe c t  
the  v o lu m e  of fu e l  p ro d u c e d  a t  d i f f e r e n t  le v e l s  and  c o m b in a t io n  of 
f a c t o r s .  The te s t in g  of s u p p o r t iv e  h y p o th e s e s  h a s  y ie ld e d  a  d i r e c t  
r e l a t io n s h ip  b e tw e e n  the  d e g r e e  of s lo p e  and t im e  s in c e  b u r n  a s  p r i ­
m a r y  d e t e r m in a n t s  of the  e x p ec te d  v o lu m e  of fu e l .  D e sp i te  the  r e ­
je c t io n  of the s u p p o r t iv e  h y p o th e s i s  th a t  a l t i tu d e  a f f e c t s  the  v o lu m e  
of fu e l  p ro d u c e d ,  t h e r e  is  an  in d ic a t io n  th a t  i t  a t  l e a s t  m a k e s  s o m e  
c o n tr ib u t io n .  D i r e c t io n a l  o r i e n ta t io n  w as  the only f a c to r  in  w h ich  a  
v e ry  w eak  a s s o c i a t i o n  w as  d e te c te d .
C o n s id e ra t io n  of the  s u p p o r t iv e  h y p o th e se s  h a s  r e s u l t e d  in  
the  s u b s ta n t ia t io n  of the  b a s ic  p r e m i s e  of th is  r e s e a r c h  w h ich  in d i ­
c a te s  th a t  the r e s e a r c h  h y p o th e s i s  sh o u ld  be a c c e p te d .
C H A P T E R  V
CONCLUSION
The m o d u la r  a s s e s s m e n t  d e s ig n  d i s c u s s e d  in  the  p re c e d in g  
c h a p te r s  h as  b e e n  d ev e lo p e d  to e n ab le  lan d  m a n a g e r s  to a p p ro a c h  
m a n a g e m e n t  d e c i s io n s  m o r e  o b je c t iv e ly .  The in p u ts  in c lu d e  t im e  
s in c e  w i ld f i r e  b u r n  and  v a r i a n t s  of c o n f ig u ra t io n ;  the  m o d e l  y ie ld s  an  
ou tpu t w h ich  is  p r e d ic t iv e  of the  v o lu m e  of fu e l  (v eg e ta t io n ) .  R e s o u r c e  
m a n a g e m e n t  can  be r e a d i ly  e n h a n c e d  th ro u g h  the a p p l ic a t io n  of th is  
r e s e a r c h .
A m a j o r  o b je c t iv e  of th is  r e s e a r c h  e n d e a v o r  h a s  b e e n  to  d e ­
v e lo p  a  m o d e l  w h ich  in v o lv e s  s im p l ic i ty  of a p p l ic a t io n .  The a c tu a l  
s t a t i s t i c a l  d e s ig n  and  the  p r e d i c t o r  e q u a t io n  a r e  s o p h is t i c a te d  t e c h ­
n iq u es  w h ich  w ould  o r d in a r i l y  be beyond  th e  c o m p r e h e n s io n  of a  p e r ­
so n  w ith  only a  r u d im e n ta r y  know ledge  of s t a t i s t i c s .  F o r tu n a t e ly ,  
h o w e v e r ,  the m o d e l  h as  b e e n  p e r f e c t e d  in  th is  r e s e a r c h  and now r e ­
q u i r e s  only a p p l ic a t io n  fo llow ed  by the im p le m e n ta t io n  of a  m a n a g e ­
m e n t  p lan .
The p r o c e d u r e s  f o r  a p p l ic a t io n  of th e  m o d e l  r e q u i r e  a n  in ­
pu t w h ich  can  be  g a r n e r e d  v ic a r io u s ly  w ith o u t  en g ag in g  in  e x te n s iv e
no
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f ie ld  d a ta  c o l le c t io n .  A la n d  m a n a g e m e n t  p la n  fo r  the  M endoc ino  
C h a p a r r a l  c an  be fo r m u la t e d  by a  p lan n in g  te c h n ic ia n  u t i l i z in g  a  n o n ­
te c h n ic a l  know ledge  of the v a r i a n t s  of c o n f ig u ra t io n .  The v a r i a n t s  can  
be  d e te r m in e d  th ro u g h  the  a n a ly s i s  of d a ta  o b ta in ed  f r o m  e x is t in g  
to p o g ra p h ic  m a p s .  The M endoc ino  C h a p a r r a l  h a s  b e e n  m a p p e d  in  
bo th  the 15 m in u te  and  7 .5  m in u te  to p o g ra p h ic  s e r i e s .  The 7 .5  m i n ­
u te  s e r i e s  (1 :2 4 ,0 0 0 )  m a p s  p e r h a p s  w il l  be m o s t  u s e f u l  in  th a t  b r u s h -  
la n d s  p ro b a b ly  sh o u ld  be s e g r e g a t e d  upon  a  u n i t - s u b - u n i t  b a s i s .  F o r  
e x a m p le ,  in  the  c a s e  of a  s u b - u n i t  e n c o m p a s s in g  th r e e  o r  fo u r  s q u a r e  
m i le s  the l a r g e r  s c a l e  m a p  w ould  be  d e s i r a b l e .
The a p p l ic a t io n  of th is  r e s e a r c h  to a r e a s  of c h a p a r r a l  in  
o th e r  p a r t s  of C a l i fo rn ia  is  p r o b l e m a t i c a l .  P r o c e d u r e s  f o r  a s s e s s i n g  
the  v a r i a n t s  of c o n f ig u ra t io n  w ould  be  th e  s a m e  f o r  an y  g e o g ra p h ic  
a r e a  p o s s e s s i n g  a d e q u a te  m a p  c o v e r a g e .  H o w e v e r ,  due  to  d i f f e r e n c e s  
in  e n v i ro n m e n ta l  m ix e s  th e  v o lu m e  of fu e l  in  a n o th e r  lo c a le  w h ic h  a c ­
c u m u la te s  th ro u g h  t im e  cou ld  be  q u i te  d i f f e r e n t  f r o m  th a t  of the  M en ­
doc ino  C h a p a r r a l .  P e r h a p s  the  p r o c e d u r e s  of f ie ld  s a m p l in g  e m p lo y e d  
in  th is  r e s e a r c h  (See C h a p te r  III) sh o u ld  be e x e c u te d  in  o t h e r  l o c a ­
t io n s  in  C a l i fo rn ia  c h a p a r r a l  w h e r e  th e  m o d e l  could  be  a p p l ie d .  The 
r e s u l t s  of a n a ly s i s  of th e s e  a r e a s  c o u ld  be  c o m p a r e d  - -  a s  a  m e a n s  
of a s s e s s i n g  the  v a l id i ty  of a p p l ic a t io n  of th is  r e s e a r c h  m o d e l  - -  to 
the  r e s u l t s  o b ta in ed  in  the  M endoc ino  C h a p a r r a l .  If t h e r e  is  enough 
s i m i l a r i t y  in  m o d u la r  ou tp u t i t  w ould  th e n  be  sa fe  to  co n c lu d e  th a t
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the  t e c h n iq u e s  d e v e lo p ed  in  th is  r e s e a r c h  m ig h t  b e  a p p l ie d  to  c h a p a r r a l  
b r u s h la n d s  e l s e w h e r e  in  C a l i fo rn ia .  E v e n  if  th is  r e s e a r c h  is  not a p ­
p l ic a b le  to  o th e r  c h a p a r r a l  a r e a s  i t  a t  l e a s t  c a n  be  u t i l iz e d  in  the 
m a n a g e m e n t  of a p p ro x im a te ly  70, 000 h e c t a r e s  of c h a p a r r a l  b r u s h la n d s  
s i tu a te d  e a s t  of the s u m m i t s  o f  the  C o a s t  R ange in  the  M endoc ino  N a ­
t io n a l  F o r e s t !
A P P L IC A T IO N  O F  THE M O D E L
The S c o t t  B a s in ,  lo c a t e d  in  the  n o r t h e r n  M endoc ino  C h a p a r r a l ,  
w as  s e l e c t e d  a s  a  t e s t  a r e a  f o r  a p p l ic a t io n  of th e  m o d e l  ( F ig u r e  30).
It i s  d r a in e d  by  S co tt  C r e e k ,  a  t r i b u t a r y  of G r in d s to n e  C r e e k .  T h is  
b a s in  w as  c h o s e n  f o r  s e v e r a l  r e a s o n s .  F i r s t ,  i t  s e e m s  th a t  a  s m a l l  
d r a in a g e  b a s i n  m ig h t  w e ll  be  a  m a n a g e a b le  u n it .  I t  h a s  s o m e  r e c o g ­
n iz a b le  n a t u r a l  l im i t s  w h ich  a id  in  the  d e f in i t io n  of a  m a n a g e m e n t  
u n i t .  S econd , th e  r a n g e  in  a l t i tu d e s  is  f r o m  a p p r o x im a te ly  520 m .  
to  a p p r o x im a te ly  1 ,4 5 0  m .  T h is  p a r t i c u l a r  b a s i n  p o s s e s s e s  a lm o s t  
the  fu l l  a l t i tu d in a l  r a n g e  o f M en d o c in o  C h a p a r r a l .  T h i rd ,  th e  b a s in  
p o s s e s s e s  a  v a r i e ty  of d i r e c t i o n a l  o r i e n ta t io n  w ith  the  e x c e p t io n  of 
n o r th  s lo p e s .  M o s t  o f  th e  b a s in ,  h o w e v e r ,  i s  d o m in a n t ly  o r i e n te d  in  
a  w e s tw a r d  a n d  s o u th w a rd  d i r e c t io n .  F in a l ly ,  b e c a u s e  of i t s  b a s ic a l ly  
w e s t e r l y - s o u t h e r l y  d i r e c t io n a l  o r i e n t a t i o n  the  d o m in a n t  c h a p a r r a l  s p e ­
c ie s  i s  A d e n o s to m a  f a s c i c u l a tu m  (c h a m is e )  - -  a  p a r t i c u l a r l y  h a z a r d ­
ous  w i ld la n d  fu e l .  A s e c o n d  s p e c i e s ,  C ean o th u s  c u n e a tu s  (w ed g e lea f  
c e a n o th u s )  i s  found to  i n c r e a s e  in  ab u n d an c e  a t  a l t i tu d e s  in  e x c e s s  of
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a p p ro x im a te ly  7 6 2 .5  m .  T h e s e  tw o  p la n t  s p e c ie s  - -  w h ic h  a r e  
th o s e  m o s t  c o m m o n ly  found  in  th e  M en d o c in o  C h a p a r r a l  •>- a r e  
d o m in a n t  in  th e  S co tt  B a s in .
T he f i r s t  s t e p  in  the  p r o c e d u r e  of d e v e lo p in g  a  m a n a g e m e n t  
p la n  w as  to  d e s ig n a te  a  u n it  upon  a n  a p p r o p r i a t e  m a p  ( F ig u r e  30).
I t  s e e m e d  a d v i s a b le  to  s e l e c t  a n  a r e a  p o s s e s s in g  s o m e  p h y s ic a l  c o h e ­
s iv e n e s s  su ch  a s  a  s t r e a m  b a s in  o r  a  m a in  r id g e  in  w h ich  the  c o n ­
f in e m e n t  of a  p r e s c r i b e d  b u r n  cou ld  b e  a c c o m p l i s h e d .  M any r id g e s  
in  the  M en d o c in o  C h a p a r r a l  a r e  s e v e r a l  m i l e s  lo n g , a  c h a r a c t e r i s t i c  
w h ich  is  c o n d u c iv e  to  t h e i r  d e l in e a t io n  a s  m a n a g e m e n t  u n i t s .  The 
d e s ig n a t io n  of m a n a g e m e n t  u n i ts  b a s e d  upon  p h y s ic a l  f a c t o r s  is  a  lo g ­
i c a l  c h o ic e  s in c e  m a n a g e m e n t  p la n s  w ould  " f i t"  th e  l a n d s c a p e .  Any 
o th e r  s y s t e m  of u n i t  d e s ig n a t io n  co u ld  be  v e r y  a r b i t r a r y  an d  ig n o re  
" n a t u r a l  b o u n d a r i e s " .  T he  v a r i a b l e s  u t i l i z e d  in  th is  r e s e a r c h  a r e  
p h y s ic a l  f a c t o r s ,  h e n c e  they  too c o in c id e  w ith  the  c o n c e p t  of p h y s i ­
c a l ly  d e s ig n a te d  m a n a g e m e n t  u n i t s .
T he c h o s e n  a r e a  w as  su b d iv id e d  in to  a l t i tu d in a l  c la s s e s ,  w ith  
7 6 2 .5  m .  c o n to u r  l in e  b e in g  the  a p p r o x im a te  b o u n d a ry .  N ext, d i r e c ­
t io n a l  o r i e n ta t io n  w a s  c o n s id e r e d .  I t  i s  r a t h e r  obv ious  th a t  in  w o r k ­
ing  w ith  a  m a n a g e m e n t  u n i t  e n c o m p a s s in g  s e v e r a l  s q u a r e  m i le s  th a t  
a  m u l t i tu d e  of d i r e c t i o n a l  o r i e n ta t io n s  p ro b a b ly  e x i s t .  P e r h a p s  th is  
c a n  b e  c o n s id e r e d  a s  o c c u r r in g  a t  two d i f f e r e n t  s c a l e s  - -  m a c r o - d i ­
r e c t i o n a l  o r i e n ta t io n  and  m i c r o - d i r e c t i o n a l  o r i e n ta t io n .  M a c r o -
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d i r e c t i o n a l  o r ie n ta t io n  m a y  b e  re a d i ly  a s s e s s e d  by p e r u s a l  o f  the  
to p o g ra p h ic  m a p  a f t e r  w h ich  they  m a y  be  d e l in e a te d  on  th e  m a n a g e ­
m e n t  u n i t s  b a s e  m a p  ( F ig u r e  30). M i c r o - d i r e c t i o n a l  o r i e n ta t io n  c an  
be  ig n o re d  f o r  the  p u r p o s e s  of d ev e lo p in g  a n  o v e r a l l  m a n a g e m e n t  
p lan .
The l a s t  of the s p a t i a l  v a r i a n t s  to  b e  c o n s id e r e d  w as  s lo p e .
In p r a c t i c e  th is  w as th e  m o s t  d if f icu l t  to  a n a ly z e  f r o m  to p o g ra p h ic  
m a p s  an d  in c lu d e  in  the  d e s ig n .  I t  h a s  b e e n  a s c e r t a i n e d  th a t  s t e e p n e s s  
of s lo p e  is  in d eed  a n  im p o r t a n t  f a c to r  in  th e  d e te r m in a t io n  of fu e l  
v o lu m e .  C. K. W en tw orth  (1930, p p . -1 84 -194) h a s  d e v is e d  a  m e th o d  
f o r  d e te r m in in g  a v e r a g e  s lo p e  (A ppendix  4 ) .  A p r o b le m  a r i s e s  in  
th a t  th e  W en tw o r th  s y s t e m  is  of a  q u e s t io n a b le  r e l i a b i l i t y  in  a r e a s  
e n c o m p a s s in g  f e w e r  th a n  f o u r  s q u a r e  m i l e s .  If  u n i ts  s m a l l e r  th a n  
fo u r  s q u a r e  m i l e s  a r e  to  b e  d e s ig n a te d  f o r  m a n a g e m e n t  s o m e  a l t e r ­
n a t iv e  s lo p e  a n a ly s i s  te ch n iq u e  sh o u ld  b e  in s t i tu t e d .  F o r  e x a m p le ,  
a v e r a g e  s lo p e  m a y  be  d e t e r m in e d  by  m e a s u r i n g  the t o t a l  le n g th  of 
c o n to u r  l in e s  w h ic h  is  m u l t ip l i e d  by th e  c o n to u r  in te r v a l ;  and  th ç  
p r o d u c t  of w h ich  is  d iv id e d  by  the  to ta l  a r e a  (M onkhouse  and  W ilk in ­
son , 1969» p . 101). T h is  te ch n iq u e  is  v e r y  l a b o r io u s  b u t  m ig h t  be  
r e a d i ly  a p p l ig d  to  s m a l l  a r e a s .
I t  w ould  a l s o  be  d e s i r a b l e  to  know how m an y  y e a r s  i t  h a s  
b e e n  s in c e  the  a r e a  b u rn e d .  S co tt  B a s in  w a s  l a s t  b u rn e d  in  1922 
( F ig u r e  16) a s  a  p o r t io n  o f  the  1 4 ,9 5 0  h e c t a r e s  G r in d s to n e  F i r e  (The
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M endoc ino  N a tio n a l  F o r e s t ,  A d m in i s t r a t i v e  F i l e s ) .  The c h a p a r r a l  
b r u s h  h a s  h a d  fif ty  y e a r s  in  w h ich  to  a t t a in  i t s  p r e s e n t  fu e l  v o lu m e  
w h ich  m a y  b e  a s c e r t a i n e d  th ro u g h  a  p e r u s a l  of T ab le  5.
The n ex t  s te p  in  the  d e v e lo p m e n t  of a  m a n a g e m e n t  p la n  fo r  
the  S co t t  B a s in  w as to  d iv ide  the  b a s in  in to  s u b u n i ts  d e p e n d e n t  upon 
the  v a r i a n t s  of c o n f ig u ra t io n .  The code f o r  the  v a r i a n t s  w as  p la c e d  
d i r e c t ly  upon the b a s e  m a p .  A l t i tu d e  and  d i r e c t io n a l  o r i e n ta t io n  w as 
d e t e r m in e d  f r o m  the to p o g ra p h ic  m a p .  A v e ra g e  s lo p e  w as  d e te r m in e d  
by the  W en tw o rth  m e th o d  and  the  a p p r o p r i a t e  code  w as  a p p l ie d  ( F ig ­
u r e  30). A v e ra g e  s lo p e  e x c e e d s  40 p e r c e n t  so  in  a l l  c a s e s  s lo p e  
w i l l  be  coded  a s  (1).
A n a id  in  the i n t e r p r e t a t i o n  of co d es  is  to l i s t  th e m  in  t a b u ­
l a r  f o r m .  If a  p a r t i c u l a r  know n v o lu m e  le v e l  i s  d e s i r e d  f o r  a  g iven  
s e t  of v a r i a n t s  of c o n f ig u ra t io n  th e n  th a t  p r e d ic te d  v o lu m e  m a y  be d e ­
r iv e d  f r o m  F ig u r e s  26 and  27. A m e th o d  f o r  a c h ie v in g  th a t  a n a ly s i s  
w as  a c c o m p l i s h e d  by d e s ig n in g  a  ta b le  l i s t in g  the  p o s s ib le  v o lu m e s  
(T a b le  6). F o r  e x a m p le ,  i t  m a y  be  d e s i r a b l e  to  m a in t a in  fu e l  v o l ­
u m e s  of l e s s  th an  30 cub ic  m e t e r s  a t  s i t e s  w ith  a l t i tu d e  l e s s  th a n
762. 5 m .  , g r e a t e r  th a n  40 p e r c e n t  s lo p e  and  s o u th e r ly  o r i e n ta t io n
(-1  1 -1 ) .  If th a t  is  the  c a s e  th e n  by r e f e r r i n g  to F ig u r e  26 i t  can
be  d e te r m in e d  th a t  p r e s c r i b e d  b u rn in g  sh o u ld  o c c u r  a t  so m e th in g  
s l ig h t ly  l e s s  th a n  13 y e a r s .  O r  if  i t  is  d e s i r e d  to l e t  60 cub ic  m e t e r s  
of fu e l  a c c u m u la te  th en  th a t  w ou ld  o c c u r  w ith in  25 y e a r s  s in c e  b u rn .
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TABLE 6
SCOTT BASIN MANAGEMENT UNITS-ALTERNATIVE FUEL VOLUMES
Cubic Meters
Code 30 40 50 60
-1 1 -1 13 years 20 years 22 years 25 years
- 1 1 1  21 years 25 years 32 years 40 years
1 1 - 1  19 years 23 years 27 years 31 years
1 1 1  19 years 23 years 27 years 31 years
All of the combinations of factors which occur in the Scott Basin 
m a y  be evaluated by this procedure.
If the desired fuel level is unknown, then Figures 26 and 27 
m a y  aid in a determination of that level. Each of the curves for a 
combination of factors m a y  be considered. For example, sites with 
altitude less than 762. 5 m. , greater than 40 percent slope and 
southerly orientation (-1 1 -1) increase fuel production at a rather 
uniform rate until about 32 years since burn. Between 32 years 
since burn and 42 years since burn the actual increase of fuel is only 
two cubic meters. In the preceeding ten years (22-32 years since 
burn) fuel volume increased by 20 cubic meters. A  logical time for 
treatment of chaparral brush might be at approximately 30 years 
since burn. Apparently the vegetation is vigorously growing until 32
118
y e a r s  s in ce  b u rn ,  then  it ten d s  to e n t e r  a p e r io d  of r a d ic a l l y  re d u c e d  
g row th . It is  d u r in g  th is  p e r io d  of r e d u c e d  g row th  and p ro b a b ly  d e ­
cad en ce  th a t  w ild f i re  h a z a r d  w ould  be a t  i t s  peak .
The o th e r  su b u n its  in  S co tt  B a s in  w e re  c o n s id e re d  in  the 
s a m e  m a n n e r .  A r e a s  c l a s s e d  a s  (-1 1 1) d isp lay  no p a r t i c u l a r  v o l­
um e p la te a u  e x ce p t  th a t  th e r e  is  a  s l ig h t  change a t  24 y e a r s  s in ce  
b u rn .  F u e l  vo lum e a t  th a t  p o in t is  40 cub ic  m e t e r s ,  and  th is  m ay  
r e p r e s e n t  an  o p p o rtu n e  t im e  to p r e s c r i b e  b u rn  th is  su b u n it .  C la s s  
1 1 - 1  d is p la y s  und u la t io n s  in  v o lu m e  i n c r e a s e  a t  24 th ro u g h  28 y e a r s  
s in c e  b u r n  and a g a in  a t  32 y e a r s .  A t 24 y e a r s  a p p r o x im a te ly  43 
cubic  m e t e r s  of fue l i s  found to e x is t .  C la s s  1 1 1  d is p la y s  no d i s ­
c e rn ib le  v o lum e p la te a u ,  so  if 40 cub ic  m e t e r s  v o lu m e  is  d e s i r e d  
th e n  t r e a tm e n t  of the b r u s h  shou ld  o c c u r  a f t e r  abou t 22 y e a r s  s in ce  
b u rn .  H o w ev e r ,  it  sh o u ld  be  n o ted  th a t  a f t e r  40 y e a r s  s in c e  b u rn  
fue l v o lu m e  d e c r e a s e s  to 30 cub ic  m e t e r s  a t  55 y e a r s  s in c e  b u rn .
It would a p p e a r  th a t  of the s e v e r a l  su b u n its  in S co tt B a s in  th is  one is  
the l e a s t  c r i t i c a l  a s  f a r  a s  m a n a g e m e n t  is  c o n c e rn e d  b e c a u s e  fue l 
vo lum e w il l  be d e c r e a s in g  f r o m  40 to 55 y e a r s .
As a  r e s u l t  of the  a n a ly s i s  of fuel vo lum e c u rv e s  and  ta b le s ,  
r e c o m m e n d a t io n s  fo r  the m a n a g e m e n t  of Sco tt  B as in  can  be m a d e .  
Subunits  c la s s i f i e d  a s  hav ing  an  a l t i tu d e  of l e s s  than  7 6 2 .5  m .  , 
g r e a t e r  th an  40 p e r c e n t  s lo p e  and  of s o u th e r ly  o r ie n ta t io n  (-1 1 -1) 
shou ld  be p r e s c r i b e d  a f t e r  a t im e  s p a n  not to ex ceed  30 y e a r s  s in ce
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b u rn .  Subunits  c l a s s i f i e d  as  b e in g  l e s s  than  762. 5 m .  , g r e a t e r  than  
40 p e r c e n t  s lo p e  and of a n o r th e r ly  o r ie n ta t io n  (-1  1 1) should  be 
p r e s c r i b e d  b u rn e d  a f t e r  24 y e a r s .  Subunits  w ith  an  a l t i tu d e  g r e a t e r  
th an  7 6 2 .5  m .  , g r e a t e r  th an  40 p e r c e n t  and  s o u th e r ly  o r ie n ta t io n  
( 1 1 - 1 )  shou ld  be p r e s c r i b e d  b u rn e d  a t  24 y e a r s  s in c e  b u rn  o r  
w hen  a p p ro x im a te ly  43 cub ic  m e t e r s  of fue l  is  found to e x is t .  The 
l a s t  m a n a g e m e n t  s u b u n i t  to be c o n s id e r e d  is  f o r  a  c o m b in a t io n  of f a c ­
to r s  in c lu d in g  a l t i tu d e  g r e a t e r  th a n  7 6 2 .5  m .  , g r e a t e r  th a n  40 p e r ­
c en t  s lo p e  and n o r th e r ly  o r i e n ta t io n  ( 1 1 1 ) .  I t  is  r e c o m m e n d e d  
th a t  su b u n its  in  th is  c a te g o ry  m a y  be t r e a t e d  a t  any  t im e  a f t e r  23 
y e a r s  s in ce  b u r n  (40 cub ic  m e t e r s  vo lu m e) and  40 y e a r s  s in c e  b u rn .  
H o w ev e r ,  i f  t r e a t m e n t  can  no t be  e ffe c ted  w ith in  40 y e a r s  th e n  i t  is  
not n e c e s s a r y  to  e x p r e s s ly  t r e a t  th is  su b u n i t  b e f o r e  55 y e a r s  s in c e  
the  l a s t  t r e a tm e n t .
B E N E F IT S  F R O M  M A N A G EM EN T
The b e n e f i t s  f r o m  m a n a g e m e n t  of the  M endoc ino  C h a p a r r a l  
a r e  m an y  - -  bo th  long  t e r m  and  s h o r t  t e r m .  I t  is  in d eed  c l e a r  th a t  
the b e n e f i ts  of m a r g in a l  m a n a g e m e n t  a r e  few an d  th a t  the  p ro p e n s i ty  
fo r  d e t e r io r a t i o n  is  in f a c t  h e ig h te n e d .
P e r h a p s  one of the  m o s t  s ig n i f ic a n t  m a n a g e m e n t  a t t r i b u t e s  
w ould  be  the  r e in c lu s io n  of o c c a s io n a l  f i r e  in c h a p a r r a l  b r u s h la n d s .
A t the  o n se t  th is  w ould  h av e  to o c c u r  a s  the  r e s u l t  of the  im p le m e n ­
ta t io n  of a  p r e s c r i b e d  b u rn in g  p r o g r a m .  H o w e v e r ,  a f t e r  the c h a p ­
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a r r a l  b r u s h  has  w i tn e s s e d  so m e  r e g ro w th  i t  sh o u ld  no lo n g e r  be  e x ­
c luded  f r o m  p o s s ib le  w i ld f i r e  b u rn in g .  If the  c h a p a r r a l  in  a  m a n ­
a g e m e n t  u n i t  is  not s u b je c te d  to a  w i ld f i r e  b u r n  o v e r  a  p e r io d  of 
y e a r s  i t  m ay  then  be n e c e s s a r y  to once  a g a in  p r e s c r i b e  b u rn .  The 
a c tu a l  le n g th  of t im e  th a t  shou ld  be  a l lo w ed  b e f o r e  a s e c o n d  p r e ­
s c r ib e d  b u r n  ta k es  p la ce  can  be d e t e r m in e d  f r o m  the  r e s e a r c h  d e ­
s ig n .  The leng th  of t im e  w il l  be d e p e n d e n t  upon  th e  p a r t i c u l a r  c o m ­
b in a t io n s  of s p a t ia l  v a r i a n t s  w hich  a r e  o p e r a n t  in  th a t  m a n a g e m e n t  
un it .
E v en  if no o th e r  b e n e f i ts  a r e  d e r iv e d  upon  im p le m e n ta t io n  
of m a n a g e m e n t ,  the p o s s ib i l i ty  of e l im in a t in g  p o te n t ia l  m a s s  c o n f la ­
g r a t io n  is  w orthy  of a c h ie v e m e n t .  The d e l e t e r i o u s  e f fe c t  of e x t r e m e ­
ly h o t  w i ld f i r e s ;  the  r e d u c t io n  in  d o w n -s lo p e  m o v e m e n t  of s u r f a c e  
m a t e r i a l s ,  and the m a in te n a n c e  of h igh  m o i s t u r e  c o n te n t  in  c h a p a r r a l  
s p e c ie s  f o r  a g r e a t e r  p a r t  of the g ro w in g  s e a s o n  h a v e  b e e n  c o n s id ­
e r e d  e a r l i e r  in  th is  r e s e a r c h .  A d d it io n a l  b e n e f i t s  f r o m  m a n a g e m e n t  
w il l  a c c r u e  in  the g e n e r a l  a r e a s  of: (1) w a t e r  r e s o u r c e s ;  (2) a  m o r e
v ia b le  w ild l ife  r e s o u r c e ,  e s p e c ia l ly  d e e r ;  and  (3) r e c r e a t i o n .
The p r o p e r  m a n a g e m e n t  of c h a p a r r a l  b ru s h la n d s  w il l  r e s u l t  
in  e n h an ced  w a te r  q u a l i ty  and  q u a n ti ty .  In a  d e n s e ly  e n tan g led  c h a p ­
a r r a l  b ru s h f ie ld  t h e r e  is  a  con tinuous  v e g e ta t iv e  canopy  due to  the  
in te r lo c k in g  of c ro w n s  and  b r a n c h e s  of c h a p a r r a l  s p e c i e s .  D u r in g  
the  r a in y  s e a s o n  th e r e  m a y  be v e r y  l i t t l e  th ro u g h fa l l  (the q u an t i ty  of
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r a in  a c tu a l ly  fa l l in g  to  the  g ro u n d ) a s  a  r e s u l t ,  s te m f lo w  (the r a in  
w h ich  a c tu a l ly  r e a c h e s  the  g ro u n d  a s  flow  down the  s h r u b  s te m )  m ay  
b e  in c r e a s e d .  H a m il to n  and  Rowe (1949, p. 6) found th a t  the  am o u n t  
of in te r c e p t io n  lo s s  is  d i r e c t l y  r e l a t e d  to  the a m o u n t  of r a i n  r e c e iv e d  
d u r in g  a  p a r t i c u l a r  s t o r m .  If r a i n  is  h e av y  t h e r e  is  m in im a l  lo s s  
by  e v a p o r a t io n  s in c e  u n d e r  a v e r y  d e n s e  c h a p a r r a l  c o v e r  the  m a jo r i ty  
of the m o i s t u r e  is  i n t e r c e p t e d  and  b e c o m e s  s te m f lo w . H o w e v e r ,  if  
s t o r m s  p ro d u c e  only s m a l l  a m o u n ts  of p r e c ip i t a t i o n  o v e r  s h o r t  p e r i ­
ods of t im e  th e r e  is  a n  o p p o r tu n i ty  f o r  a  h igh  r a t e  of e v a p o ra t io n .
A lo g ic a l  c o n c lu s io n  i s  th a t  a  d e s i r a b l e  c h a p a r r a l  v e g e ta t io n  
c o v e r  w ould  be one in  w h ich  t h e r e  is  o p p o r tu n i ty  f o r  b o th  th ro u g h ­
fa l l  and s te m f lo w .  A d e n s e  c h a p a r r a l  c o v e r  w ould  te n d  to  c o n c e n ­
t r a t e  m o i s t u r e  a t  the  b a s e s  of p la n ts  a s  w e l l  a s  c r e a t e  c o n d it io n s  
c o n d u c iv e  to  lo s s  of m o i s t u r e  by  e v a p o r a t io n .  A w a t e r  r e s o u r c e s  
m a n a g e m e n t  goa l w o r th y  of a c h ie v e m e n t  w ould  b e  to d i s t r i b u t e  a v a i l ­
a b le  m o i s t u r e  o v e r  a  l a r g e r  s u r f a c e  a r e a .
A n o th e r  b e n e f i c i a r y  w ould  be  w ild l i fe  p o p u la t io n s  - -  e s p e c ia l ly  
d e e r  and  a s s o c i a t e d  p r e d a t o r s .  T h e re  p r e s e n t ly  is  no c o n c e r te d  
m a n a g e m e n t  e f fo r t  to m a in ta in  w ild l i f e  p o p u la t io n s  a t  a  m a x im a l  le v e l .  
The h i s t o r y  of the d y n a m ic s  of d e e r  h e r d s  in  th e  M en d o c in o  C h ap ­
a r r a l  is  i n t e r e s t i n g .  D e e r  h u n te r s  w ho  s la u g h te r e d  the  a n im a l s  p r i ­
m a r i l y  f o r  t h e i r  h id e s  and  s e c o n d a r i ly  f o r  j e r k y  - -  d r i e d  m e a t  
d e c im a te d  the  d e e r  h e r d s  b e f o r e  the  t u r n  of the 20 th  C e n tu ry  (W ool-
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fo lk , 1959 , p. 170). S h o r t ly  a f t e r  th a t  w ild la n d s  c a m e  u n d e r  the  j u r i s ­
d ic t io n  of g o v e rn m e n ta l  a g e n c ie s ,  and  the  C a l i fo rn ia  S ta te  L e g i s l a tu r e  
e n a c te d  g a m e  law s  ( L o n g h u r s t  and  o t h e r s ,  1952, p. 15). D e e r  h e r d s  
s i tu a te d  in  c h a p a r r a l  b ru s h la n d s  g r e a t ly  i n c r e a s e d  s in c e  th e y  w e re  
u t i l iz e d  l e s s  fu l ly .  T h is  t r e n d  c o n tin u ed  un ti l  a f t e r  W o rld  W a r  II 
w hen  g a m e  h u n tin g  b e c a m e  v e r y  p o p u la r .  D e e r  h e r d s  h a v e  s in c e  d e ­
c r e a s e d  a s  h u n tin g  p r e s s u r e  h a s  i n c r e a s e d .
One of the p r i m a r y  r e a s o n s  f o r  a  d e c r e a s i n g  d e e r  p o p u la t io n  
in  the M endoc ino  C h a p a r r a l  h a s  b e e n  the  p o licy  of f i r e  e x c lu s io n .  
O c c a s io n a l  r e ju v e n a t io n  of c h a p a r r a l  b r u s h  is  n e c e s s a r y  to  i n c r e a s e  
the  n u t r i e n t  l e v e l  of v e g e ta t io n .  F i r e ,  of c o u r s e ,  is  a n  e f fe c t iv e  
m e a n s  of r e ju v e n a t io n  o v e r  l a r g e  a r e a s .  B isw e l l  and  o th e r s  (1952, 
pp. 4 6 0 -4 6 2 ) found th a t  th e  k ind  of c h a p a r r a l  h a b i t a t  a f fe c te d  the  r e ­
p ro d u c t iv i ty  of C a l i fo rn ia  b la c k ta i l  d e e r .  D e e r  w e r e  s tu d ie d  in  t h r e e  
d i f f e r e n t  h a b i ta t  s i tu a t io n s  in  c h a p a r r a l  b ru s h la n d :  (1) in  a  h e a v y  u n ­
b u rn e d  b r u s h  c o v e r ;  (2) in  an  a r e a  of w i ld f i r e  b u rn ;  an d  (3) in  open  
b r u s h  c o n s i s t in g  of s m a l l  b u rn e d  p a tc h e s  w ith in  a  d e n se  b r u s h f i e ld .  
T h e i r  s tudy  r e v e a le d  th a t  f o r  e v e r y  100 a d u l t  d o es  in  h eav y  b r u s h  60 
to  85 faw ns w e r e  p ro d u c e d ;  on the w i ld f i r e  b u r n  100 to  110 faw ns
w e r e  p ro d u c e d  p e r  100 a d u l t  d o e s ;  and  in  open  b r u s h  a  r a t i o  of 115 to
140 faw ns p e r  100 a d u l t  d o e s .  The o v e r a l l  q u a li ty  of the a n im a ls  
w as h ig h e r  in open  b r u s h .  D e e r  f r o m  o pen  b r u s h  w e ig h ed  m o r e ,  and  
due to  b e t t e r  p h y s ic a l  c o n d i t io n s  d is p la y e d  lo w e r  m o r t a l i t y  r a t e s
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(B isw e ll  and  o t h e r s ,  1952, p. 462).
The M endoc ino  C h a p a r r a l  is  a n  a r e a  in  w hich  d e e r  h e r d  i m ­
p r o v e m e n t  w ould  o c c u r  a s  a  r e s u l t  of p r e s c r i b e d  b u rn in g .  M o s t  of the 
old d e c a d e n t  b r u s h  is  u n p a la ta b le .  New g ro w th  th a t  d o es  o c c u r  in  old 
b r u s h  is  found a t  h e ig h ts  too f a r  above  g r o u n d - le v e l  to be r e a d i ly  o b ­
ta in ed  by d e e r  ( F ig u r e  31). W h ere  b r u s h  is  no t y e t  so  ta l l  a s  to  be 
beyond  r e a c h  i t  is  h e a v i ly  b ro w s e d  by d e e r  ( F ig u r e  32). In e f fec t ,  
t h e r e  is a  v a s t  a m o u n t  of v e g e ta t io n ,  y e t  d e e r  a r e  e i t h e r  s t a r v in g  o r  
a t  l e a s t  in  so m e th in g  l e s s  th a n  a  h e a l th y  c o n d i t io n  b e c a u s e  b r o w s e  is  
u n a v a i la b le  to  th em .
A f in a l  c o n s id e r a t io n  is  th a t  the  M endoc ino  C h a p a r r a l  could  
p ro v id e  a  w ild lan d  e n v i ro n m e n t  f o r  o u td o o r  e n th u s i a s t s .  T h e r e  p r e s ­
en tly  is s o m e  r e c r e a t i o n a l  a c t iv i ty  in  the  M endoc ino  C h a p a r r a l ,  b u t  
i t  is  l a r g e ly  r e s t r i c t e d  to  hun tin g  and  f ish in g .
The M en d o c in o  C h a p a r r a l  is  a s  m u c h  a  w i ld e r n e s s  a s  m an y  
a lp in e  w i ld e r n e s s  a r e a s  in  C a l i fo rn ia .  V i s i to r s  sh o u ld  be e n c o u ra g e d  
to  u t i l i z e  th is  a r e a ,  e s p e c ia l ly  s in c e  i t  is  m o r e  r e a d i ly  a c c e s s ib l e  
d u r in g  w in te r  m o n th s  than  a r e  h igh  m o u n ta in  w i ld e r n e s s  a r e a s .  D u r ­
ing the h o t  s u m m e r  m o n th s  few peo p le  would to l e r a t e  the  c h a p a r r a l  
fo r  v e ry  long . T h e r e f o r e ,  i t  is  doubtfu l th a t  th e r e  w ould  be  any  a p ­
p r e c ia b le  i n c r e a s e  in  m a n - c a u s e d  w i ld f i r e s .
This  r e s e a r c h  e n d e a v o r  h a s  r e s u l t e d  in  the  obvious c o n c lu ­
s io n  th a t  the M endoc ino  C h a p a r r a l  c an  be m a n a g e d  d i f f e r e n t ly  to
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F ig u r e  31. - - N e w  g ro w th  c h a p a r r a l  b r u s h  too h igh  to  be 
b r o w s e d  by d e e r
BKai mmmm
r.x*d
i
F ig u r e  32. - -  C eano thus  cu n ea tu s  w h ich  h a s  b een  h ed g ed  
a s  a  r e s u l t  of h eav y  b ro w s in g  by d e e r
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en h an ce  i t s  r e s o u r c e  p o te n t ia l .  P e r h a p s  a lo g ic a l  a p p ro a c h  to the 
p r o p e r  m a n a g e m e n t  of c h a p a r r a l  b r u s h la n d s  w ould  be to c h a r g e  the 
U .S .  F o r e s t  S e rv ic e  o r  s i m i l a r  pu b lic  a g e n c y  w ith  the  r e s p o n s ib i l i ty  
of im p le m e n t in g  a c o m p re h e n s iv e  r e s o u r c e  m a n a g e m e n t  p lan  f o r  the  
M endoc ino  C h a p a r r a l .  T h a t  p lan  shou ld  c o n ta in  m a n a g e m e n t  p r o c e ­
d u r e s  w h ich  r e c o g n iz e  the  v ia b i l i ty  of c h a p a r r a l  b r u s h la n d s  and  the 
d e s i r a b i l i t y  of m a n ag in g  th o se  la n d s  so  a s  to : (1) r e d u c e  p o te n t ia l
m a s s  c o n f la g ra t io n s  and  to  m i t ig a te  the d e l e t e r i o u s  e f fe c t  of e x t r e m e ­
ly  h o t  w i ld f i r e s ;  (2) y ie ld  a d d i t io n a l  w a te r  r e s o u r c e s ;  (3) in te n s ify  
p ro d u c t io n  of w ild l ife ,  e s p e c ia l l y  d e e r ;  (4) c r e a t e  a  la n d sc a p e  th a t  
p ro v id e s  the  o p p o r tu n i ty  f o r  peop le  to  a p p r e c i a t e  the  s c e n ic  and  r e c ­
r e a t io n a l  q u a li ty  of c h a p a r r a l  w ild la n d s ;  (5) r e d u c e  th e  dow nslope  
m o v e m e n t  of s u r f a c e  m a t e r i a l s ;  and  (6) m a in ta in  a  h ig h  m o i s t u r e  
c o n te n t  in  c h a p a r r a l  s p e c i e s  fo r  a  g r e a t e r  p a r t  of the  g row ing  s e a s o n .
A P P E N D IX E S
Permeability
Reaction
Parent Material
APPENDIX 1 
SYMBOLS FOR TABLE (Soils)
rap. = rapid; per. = moderately rapid permeability; mod. per. = moderate permeability; 
si. per. = slow permeability; v. si. per. = very slow permeability 
calc. = calcareous (pH 7.5 or greater) si. acid = slightly acid (pH 6.1-6.5)
basic = basic reaction (pH 7.4-7.8) mod. acid = moderately acid (pH 5.6-6.0)
rieut. = neutral (pH 6.6-7.3) st. acid = strongly acid (pH 5.1-5.5)
V .  S t .  acid = very strongly acid (pH 4.5-5.0) 
bas. rks. = basic igneous rocks (basalt) '
me ta sed. and sed. rks. = metamorphosed sedimentary and sedimentary rocks 
sch. sed. rks. = schistose sedimentary rocks 
serp. rks. = serpentine rocks
Drainage
Erosion
R = good to excessive 
G = good 
1 = Imperfect
0 = none or very little
1 = slight sheet erosion
2 = moderate sheet erosion
P = poor
VP = very poor
3 = severe sheet erosion
4 = gullied
1 2 7
APPENDIX 1 ( c o n t i n u e d )
Fertility VG = very good 
G = good 
F = fair
P = poor
VP = very poor
Vegetation cover C = chaparral 
G = grass
M = mixed conifers
Storie Index Soils that rate 10-19 are of very limited use for cultivated crops due to adverse 
relief, texture, shallowness, etc.
Soils that rate less than 10 include steep, rocky upland areas and miscellaneous 
waste lands
Grazing Ratings
VH = very high 
H = high 
M = medium 
L = low 
VL = very low
Carry Capacity 
(acres/cow/yr.)
10 ac.
10-20 ac.
20-40 ac.
40-60 ac.
60 ac.
1 2 8
APPENDIX 2
Site Classes Year
8
7
6
5
4 1917
3 
2 
1
90% CONFIDENCE LIMIT; on y 
90% LCL Prediction
44.4404
30.4881
62.3128
52.7909
84.0153
48.0735
42.7238
11.2120
62.7511
48.7988
80.6235
71.1016
102.326
66.3842
61.0345
29.5227
90% UCL
81.0618
67.1095
98.9342
89.4123
120.637
84.6949
79.3452
47.8334
8
7
6
5
4
3
2
1
1932
40.7693
31.1824
56.7223
41.2972
55.5409
53.9749
63.4288
56.0247
57.7628
48.1759
73.7158
58.2907
72.5344
70.9684
80.4223
73.0182
74.7563
65.1694
90.7093
75.1842
89.5279
87.9619
97.4158
90.0117
8
7
6
5
4
3
2
1
1948
25.4547
14.3288
41.2143
23.1170
7.49281
11.3389
28.9543
25.8290
41.8031 
30.6772 
57.5627 
39.4654 
23o8412 
27.6873 
45.3027 
42.1774
58.1515
47.0256
73.9111
55.8138
40.1896
44.0357
61.6511
58.5258
8
7
6
5
4
3
2
1
1959
7.45491
3.26701
8.00371
1.94521
4.19611
4.75321
-4.48249
-5.79589
25.5393
21.3514
26.0881
20.0296
22,2805
22.8376
13.6019
12.2885
43.6237
39.4358
44.1725
38.1140
40.3649
40.9220
31.6863
30.3729
1 2 9
A P P E N D IX  3
F IE L D  DATA S H E E T
Y e a r  b u rn e d
S am ple  S ite  No.
A lti tu d e  
Slope %
D ir e c t io n a l  O r ie n ta t io n
1 1-2  2 -3  3 -4  4 -5  5 -6  6 cm .
L i t t e r  D epth;
C ro w n  V olum e M e a s u r e m e n ts  *
S p ec ies H W S p e c ie s H W
H = h e ig h t  W = w id th
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A P P E N D IX  4
W entw orth  m e th o d  of a v e r a g e  s lo p e  d e te r m in a t io n
1. S e le c t  ty p ic a l  a r e a  to be  a s s e s s e d .
2. Lay ou t g r i d - t e m p l a t e  of n o t  l e s s  than  f o u r  s q u a r e  m i le s .
3. C ount and  ta b u la te  a l l  c o n to u r  c r o s s i n g s  an d  d e t e r m in e
the  a v e r a g e  n u m b e r  p e r  m i l e .  T angency  c o n ta c ts  w h ich
a r e  no t t r u e  c r o s s i n g s  sh o u ld  be coun ted  a s  one c r o s s ­
ing e ac h .
4. R e p e a t  th e  p r o c e d u r e  w ith  g r i d - t e m p l a t e  p la c e d  a t  an  
ob lique  a n g le  c o v e r in g  s u b s t a n t i a l l y  the  s a m e  a r e a .
5. T o ta l  a l l  c r o s s i n g s  and  d e t e r m i n e  th e  a v e r a g e  n u m b e r  
of c r o s s i n g s  p e r  m i le .  M u lt ip ly  th a t  a v e r a g e  by  the  
c o n to u r  i n t e r v a l .
6. D iv ide  the  p r o d u c t  of a v e r a g e  c r o s s i n g s  p e r  m i le  t im e s  
the  c o n to u r  i n t e r v a l  by  c o n s ta n t  3361.
7. The q u o t ie n t  is  a  ta n g en t ,  th e  d e g r e e  of w h ich  m a y  be
a s c e r t a i n e d  f r o m  s ta n d a r d  t r i g o n o m e t r i c  t a b le s .
The S co tt  B a s in
C o n to u r  l in e  c r o s s i n g s
N -S 108
E - W 173
N W -S E 132
N E -SW 96
529 = to ta l  c r o s s i n g s  
3 3 .0 6
16y/  529. 00 16 = to ta l  m i le s
33. 06 = c r o s s in g s  p e r  m i le  
40 = c o n to u r  i n t e r v a l
1 3 2 2 .4 0
 0. 39 = 2 1 °  4 2 ’ = 4 3 .2 4 %  a v e r a g e  s lo p e
3 3 6 1 /  1 3 2 2 .4 0
131
B IB LIO G R A PH Y
A d a m s ,  F r a n k ,  E w ing , P a u l  and  H u b e r ty ,  M a r t i n  R. , 1947, 
H y d ro lo g ie  A s p e c ts  of B u rn in g  B r u s h  and  W oodland - -  
G r a s s  R an g es  in  C a l i fo rn ia :  S a c r a m e n to ,  C a l i fo rn ia
D iv is io n  F o r .
B a i le y ,  E d g a r  H. , ed . , 1966, G eo logy  of N o r t h e r n  C a l i f o r ­
n ia :  San  F r a n c i s c o ,  C a l i fo rn ia  D iv . M in es  G eol.
B a i le y ,  R o b e r t  G. , and  R ic e ,  R ay m o n d  M. , 1969, Soil S l ip ­
page : A n In d ic a to r  of S lope In s ta b i l i ty  on  C h a p a r r a l
W a te r s h e d s  of S o u th e rn  C a l i fo rn ia :  The P r o f .  Geog. ,
Vol. 21, No. 3, pp . 172-177 .
B a l l s ,  E d w a rd  K. , 1962, E a r l y  U se s  of C a l i f o r n ia  P la n ts :  
B e r k e le y ,  U. C a l i f .  P r e s s .
B e d e l l ,  T h o m as  E r w in ,  1957, R a te  o f  Twig E lo n g a t io n  and
T e c h n iq u es  of M e a s u r in g  B ro w s e  P r o d u c t i o n  of A d e n o s to m a  
f a s c i c u l a tu m : B e r k e le y ,  U. C alif .  , M .S .  T h e s i s .
B egg , E u g en e  L. , 1965, S o ils  of G len n  County  C a l i fo rn ia ,
P a r t  II: D a v is ,  A g. E s p .  S ta . , S o il  S u r .  No. 15.
B e n t le y ,  J ay  R. , 1967, C o n v e r s io n  of C h a p a r r a l  A r e a  to
G r a s s la n d :  T e c h n iq u e s  U sed  in  C a l i fo rn ia :  W ash ing ton ,
U .S .  D. A. , U. S . F .  S. , A g r i c .  H andb . No. 328.
B e n t le y ,  Jay  R. , G re e n ,  L i s l e  R. an d  E v a n k o ,  A . B . ,  1966, 
P r in c i p l e s  and  T e c h n iq u e s  in  C o n v e r t in g  N a tiv e  C h ap ­
a r r a l  to  S tab le  G r a s s l a n d  in  C a l i fo rn ia :  H e ls in k i ,  P r o c .
10th In te r .  G r a s s l a n d  Cong.
B e n t le y ,  Jay  R. , S e e g r i s t ,  D onald  W. , and  B la k e m a n ,  D avid  
A. , 1970, A T e ch n iq u e  f o r  S a m p lin g  Low  S h ru b  V e g e ta ­
t io n  by C row n  V o lum e  C la s s e s :  B e r k e le y ,  U. S. F .  S. ,
P a c .  So. W es t  F o r .  R ange  E xp . S ta .  , R e s e a r c h  N ote 
P S W -215 .
132
133
B i s s e l l ,  H. D. and  W eir ,  W il l ia m  C. , 1957, The D ig e s t i ­
b i l i t i e s  of I n t e r i o r  L ive  O ak an d  C h a m ise  by D e e r  and
S heep: J o u r .  A n im a l  Sc i.  , Vol. 16, No. 2, pp. 4 7 6 -4 8 0 .
B is w e l l ,  H. H. , T a b e r ,  R. D. , H e d r ic k ,  D. W. an d  S ch u ltz ,  
A . M . ,  1952, M a n a g e m e n t  of C h a m is e  B ru s h la n d s  fo r  
G am e  in  the  N o r th  C o a s t  R eg io n  of C a l i fo rn ia :  S a c r a ­
m e n to ,  D ep t.  F i s h  and  G a m e ,  B u ll .  29.
B la n fo rd ,  R o b e r t  H o w ard ,  1950, T he W a te r  E c o n o m y  of Two 
S p e c ie s  of C h a p a r r a l  G ro w in g  on Two Soil T y p es :  B e r k e ­
ley ,  U. C a l if .  , M .S .  T h e s i s .
B ra n d g e e ,  K a th a r in e ,  1894, S tu d ie s  in  C ean o th u s :  S an  F r a n ­
c is c o ,  P r o c .  C a l if .  A cad . S c i .  , Second S e r i e s , Vol. 4, 
pp. 1 7 3 -222 .
B ro w n , R o b e r t  D. J r .  , G eology of the  S to n y fc rd  Q u a d ra n g le ,  
G lenn , C o lu sa  and  L ake  C o u n t ie s ,  C a l i fo rn ia :  W ash ing ton ,
U .S . G eo l.  S u r . ,  M in e r a l  I n v e s t ig a t io n s ,  F ie ld  S tu d ies  
M ap, M F - 279.
B u r c h a m ,  L e v i  T. , P la n n e d  B u rn in g  A s A M a n a g e m e n t  
P r a c t i c e  f o r  C a l i fo rn ia  W ild L a n d s :  San F r a n c i s c o ,
P r o c .  Soc. A m e r .  F o r .  , pp. 180-185 .
__________ 1956, H i s to r i c a l  G e o g ra p h y  of the R ange  L iv e s to c k
In d u s t ry  of C a l i fo rn ia :  B e r k e le y ,  U. C a l if .  , P h .  D.
T h e s i s .
C ain , S tan ley  A. and  C a s t r o ,  G. M. de O l iv i r a ,  1959, M anual 
of V e g e ta t io n  A n a ly s is :  New Y o rk ,  H a r p e r  and  B r o t h e r s .
C a l i fo rn ia ,  D ep t.  F i s h  and G a m e ,  no d a te .  Im p ro v in g  C h a ­
m is e  B r u s h la n d s  f o r  D e e r  a n d  O th e r  G am e: S a c r a m e n to ,
G a m e  M gt. L e a f le t ,  No. 4.
C a l i fo rn ia ,  D ep t.  N at. R es .  , I9 6 0 , G eo log ic  M ap o f C a l i -  
f o r n ia - U k ia h  Shee t:  S a c r a m e n to .
C a r p e n te r ,  S ta n le y  B. , B en t ley ,  J a y  R. and G r a h a m ,  C h a r le s  
A. , 1970, M o is tu r e  C on ten ts  of B ru s h la n d  F u e l s  D e s s i -  
c a te d  f o r  B u rn in g :  B e r k e le y ,  U. S. F .  S. , P a c .  So. W est
F o r .  R ange  E x p .  S t a . , R e s e a r c h  Note P S W -2 0 2 .
134
C h a n d le r ,  C ra ig  C. , 1957, The C la s s i f i c a t io n  of F o r e s t  F u e ls  
fo r  W ild -L an d  F i r e  C o n tro l  P u r p o s e s :  B e r k e le y ,  U.
C a l i f . , M .S .  T h e s i s .
C h e m ic a ls  f o r  F o r e s t  F i r e  F ig h t in g ,  1963: B o s to n ,  N a t 'l .
F i r e  P r o t e c t i o n  A s s o c .
Coffin, H a r r y  C. , 1955, P r e c ip i t a t i o n  D is t r ib u t io n  in  a  R e p ­
r e s e n ta t iv e  A r e a  of the  N o r th e r n  C o a s t  R ange  of C a l i ­
fo rn ia :  B e r k e le y ,  U. C a l i f . ,  M. A. T h e s i s .
C o o p e r ,  W ill iam  S. , 1922, The B r o a d - S c le r o p h y l l  V e g e ta ­
tion  of C a l i fo rn ia  - -  An E c o lo g ic a l  Study of the  C h ap ­
a r r a l  and  i ts  R e la te d  C o m m u n it ie s :  W ash ing ton , C a r ­
neg ie  I n s . ,  P u b . No, 319.
C o u n try m a n ,  C live  M. and  P h i lp o t .  C h a r l e s  W. , 1970, P h y ­
s ic a l  C h a r a c t e r i s t i c s  of C h a m is e  a s  a  W ild land  F u e l :  
B e r k e le y ,  U. S. F .  S, , P a c .  So. W es t  F o r .  and  Range 
E xp. S ta .  , R e s e a r c h  P a p e r ,  P S W -66 .
1966, R a t in g  F i r e  D a n g e r  by the  M u lt ip le  B a s ic
Index S y s te m : J o u r .  F o r .  , Vol 56, No. 3, pp. 531 -5 3 6 .
D e a n s e r e a u ,  P i e r r e ,  1957, B io g e o g rap h y  - A n E c o lo g ic a l  
P e r s p e c t i v e :  New Y ork , The R onald  P r e s s .
D a v is ,  C h a r l e s  M. , 1959, F i r e  a s  a  L a n d -U s e  Tool in  N o r th ­
e a s t e r n  A u s t r a l i a :  G eog. R ev iew , V ol. 49 , No, 4,
pp. 552 -5 6 0 .
De B ano, L e o n a rd  F .  , 1969&, The R e la t io n s h ip  B e tw een  H e a t  
T r e a tm e n t  and  W a te r  R ep e l le n c y  In S o ils :  B e rk e le y ,
U. S. F .  S. , P a c .  So. W es t  F o r .  R ange  E x p . S ta.
1969^, W a te r  R e p e l le n t  So ils :  A W orldw ide  C on­
c e r n  in  M a n a g e m e n t  of So il  and  V eg e ta t io n :  A g r .  Sc.
R eview , Vol. 7, No. 2, pp. 11-18 .
De Bano, L e o n a rd  F .  , M ann , L. D. and  H a m il to n ,  D . A . ,  
1970, T r a n s lo c t io n  of H yd ro p h o b ic  S u b s ta n c e s  into Soil 
By B u rn in g  O rg a n ic  L i t t e r :  P r o c .  Soil Soc. A m . , Vol.
34, No. 1, pp. 130-133 .
135
De B ano, L e o n a rd  F .  and R ic e ,  R ay m o n d  M. , 1971, F i r e  in  
V eg e ta t io n  M a n a g e m e n t  -  I ts  E f fe c ts  on Soil: B o z e m a n ,
P r o c .  Sym p. on In te r .  D isc ip .  A s p e c ts  of W a te r s h e d  M gt. , 
A m . Soc. C iv il  Eng. , pp. 3 2 7 -3 4 6 .
D em ing , W. E d w a r d s ,  I960 , S am p le  D e s ig n  in  B u s in e s s  R e ­
s e a r c h :  New Y ork , Jo h n  W iley and  Sons.
D odge, M a rv in  R. , 1972, F o r e s t  F u e l  A c c u m u la t io n  - A
G row ing  P r o b le m :  Sci. , Vol. 177, No. 4044, pp . 139-142 .
D ondanv ille ,  R ic h a r d  F r e d ,  1958, The G eology  of P a r t  of 
N o r th w e s t e r n  G lenn  County , C a l i fo rn ia :  B e r k e le y ,  U.
C alif .  , M .S .  T h e s i s .
E a s tm a n ,  Jo h n , 1972, In W i ld e r n e s s  is  F i r e :  The L iv ing
W ild e r n e s s ,  Vol. 36, No. 117, pp. 11 -17 .
E y r e ,  S. R . , 1963, V e g e ta t io n  an d  S o ils  - A W o rld  P i c t u r e :  
C h icago , A ld in e  P u b . Co.
G a r tn e r ,  F .  R o b e r t ,  1956, C o m p e t i t io n  B e tw e e n  L o l iu m
m u l t i f lo r u m  and  C ean o th u s  c u n e a tu s  f o r  N i t ro g e n  on Two 
D if f e re n t  S o il  T ypes :  B e r k e le y ,  U. C a l if .  , M .S .  T h e s i s .
G le aso n ,  H e n ry  A. and  C ro n q u is t ,  A r t h u r ,  1964, T he  N a tu ra l  
H is to ry  of P l a n t s :  New Y ork , C o lu m b ia  U. P r e s s .
G re e n ,  L is le  R. , 1970, A n E x p e r im e n ta l  P r e s c r i b e d  B u rn
to R ed u ce  F u e l  H a z a rd  in  C h a p a r r a l :  B e r k e le y ,  U. S. F .  S. ,
P a c .  So. W es t  F o r .  R ange  E x p .  S ta .  , R e s e a r c h  Note 
P S W -216 .
G r e ig -S m ith ,  P .  , 1967, Q u a n ita t iv e  P l a n t  E co logy : New
Y ork , P le n u m  P r e s s .
H ack e l ,  O tto , 1966, S u m m a ry  of the  G eology of the G r e a t
V alley : San  F r a n c i s c o ,  G eology of N o r th e r n  C a l i fo rn ia ,
Div. M ines  G eo l. , B ull.  190, pp. 2 1 7 -2 3 8 .
H am ilto n ,  E . L . and  Rowe, P .  B. , 1949, R a in fa l l  I n te r c e p t io n  
by C h a p a r r a l  in  C a l i fo rn ia :  B e r k e le y ,  C alif .  F o r .  R ange
Exp. S ta .
136
H a n es ,  Ted  L. , 1970, S u c c e s s io n  A f te r  F i r e  in  the C h a p ­
a r r a l  of S o u th e rn  C a l i fo rn ia :  E c o l .  M on. , Vol. 44,
pp. 2 7 -5 1 .
__________ and  J o n e s ,  H a ro ld  W. , P o s t f i r e  C h a p a r r a l  S u c c e s ­
s io n  in  S o u th e rn  C a l i fo rn ia :  E c o l . , Vol. 48 , No. 2,
pp. 2 5 9 -2 6 4 .
H in d s ,  N o r m a n  E . A . ,  1952, E v o lu t io n  of the  C a l i fo rn ia  L a n d ­
sc a p e :  San F r a n c i s c o ,  D iv . M in es  G eo l.  D ep t.  N at.  R es .
I rw in ,  W il l ia m  P .  , I9 6 0 , G e o lo g ic  R e c o n n a is s a n c e  of the
N o r th e r n  C o a s t  R an g e s  and  K la m a th  M o u n ta in s ,  C a l i f o r ­
n ia ,  w ith  a  S u m m a r y  of M in e r a l  R e s o u r c e s :  San  F r a n ­
c is c o ,  D iv .  M in es  G eo l.  , D ep t.  N at. R e s .
J e p s o n ,  W ill is  L in n ,  1925, A M an u a l  of the  F lo w e r in g  P la n t s  
of C a l i fo rn ia :  San  F r a n c i s c o ,  In d e p e n d en t  P r e s s r o o m
and  W il l ia m s  P r i n t i n g  Co.
L e w is ,  F .  H a r la n ,  1961, C h a p a r r a l  L an d s  of S o u th e rn  C a l i ­
f o r n ia  W ild land  R e s e a r c h  P r o b l e m s :  B e r k e le y ,  M an,
F i r e  and  C h a p a r r a l  - A C o n fe re n c e  on S o u th e rn  C a l i f o r ­
n ia  W ild land  R e s e a r c h  P r o b l e m s ,  W ild land  R e s .  C t r .
A g r .  E x p .  S ta .  , pp. 1 3 -1 7 .
L o n g h u r s t ,  W il l ia m  M. , L e o p o ld ,  A. S t a r k e r  an d  D a sm a n n ,  
R ay m o n d  F .  , 1953, A S u rv e y  of C a l i fo rn ia  D e e r  H e r d s ,  
T h e i r  R an g e s  a n d  M a n a g e m e n t  P r o b l e m s  : S a c r a m e n to ,
D ept. F i s h  G a m e ,  G am e  B u ll .  6, pp. 1 -1 5 .
L yon, L. J a c k ,  1968, E s t im a t in g  Tw ig P r o d u c t i o n  of S e r -  
v i c e b e r r y  f r o m  C ro w n  V o lu m e s :  J o u r .  W ild life  M g t . ,
Vol. 35, pp. 3 0 7 -3 3 4 .
M cM inn, H o w ard  E .  , 1964, A n I l l u s t r a t e d  M an u a l  o f  C a l i ­
fo r n ia  S h ru b s :  B e r k e le y ,  U. C a l if .  P r e s s .
__________ 1944, The I m p o r ta n c e  of F ie ld  H y b r id s  in  D e t e r ­
m in in g  S p e c ie s  in  the  G enus  C e a n o th u s : San  F r a n c i s c o ,
P r o c .  C a l if .  A c a d .  S c i.  , 4th S e rv .  , Vol. 25, No. 14, 
pp. 323 -3 5 5 .
M elen d i,  C lyde , 1972, P e r s o n a l  In te rv ie w ,  M a r c h  10: R e d ­
d ing , E n v .  S c i .  S e r .  A d m , , N a t .  W e a th e r  S e r .
137
M en d en h a ll ,  W il l ia m , 1968, In t ro d u c t io n  to L i n e a r  M odels  
and the D e s ig n  and  A n a ly s is  of E x p e r im e n t s :  B e lm o n t ,
W ad sw o rth  P u b . Co. , Inc.
M onkhouse , F .  J .  and  W ilk in so n , H. R. , 1969, M ap s  and D ia ­
g r a m s  - T h e i r  C o m p ila t io n  and C o n s t r u c t io n :  London,
M ethuen  Co. L td .
M unz, P h i l l ip  A. and  K eck , D avid  D . , 1959, A C a l i fo rn ia  
F l o r a :  B e r k e le y ,  U. P r e s s .
M utch , R o b e r t  W. , 1970, W ild land  F i r e s  and  E c o s y s t e m s  - 
A H y p o th e s is :  E c o l .  , Vol, 51, No. 6, pp. 1046-1051 .
N aveh , Z. , 1967, M e d i t e r r a n e a n  E c o s y s t e m s  a n d  V eg e ta t io n  
T y p es  in  C a l i f o r n ia  and  I s r a e l :  E c o l .  , V ol. 48, No. 3,
pp. 4 4 5 -4 5 9 .
N obs , M ai com  A. , 1963, E x p e r im e n ta l  S tu d ie s  on S p ec ie s  
R e la t io n s h ip s  in  C e a n o th u s ; W ash in g to n ,  C a m .  I n s t . ,
P u b .  623.
P a g e ,  B en  M. , 1966, G eo logy  of The C o a s t  R an g e  of N o r th ­
e r n  C a l i fo rn ia :  San  F r a n c i s c o ,  C a l i f .  , D iv . M ines  G e o l . ,
B u ll .  190.
P h i l l ip s ,  E dw in  A lle n ,  1959, M ethods  of V e g e ta t io n  Study:
New Y ork , H e n ry  H o lt  a n d  Co. , Inc .
P lu m b ,  T. R. , 1961, S p ro u t in g  of C h a p a r r a l  by  D e c e m b e r  
A f te r  a W ild f ir e  in  Ju ly : B e r k e le y ,  U. S. F .  S. , P a c .  So.
W e s t  F o r .  R ange  E x p . S ta . , R e s e a r c h  N ote  P S W -57 .
P o lu n in ,  Ni c o lo n s ,  I9 6 0 , In t ro d u c t io n  to P l a n t  G e o g rap h y :
New Y ork , M c G ra w -H i l l  B ook C o . , Inc.
R ay m o n d , M a r t in  S. , 1958, The P h y s ic a l  S t r a t ig r a p h y  of the  
U p p e r  M e s o z o ic  S e d im e n ts  of a  P o r t i o n  of G len n  and 
T eh am a  C o u n t ie s ,  C a l i fo rn ia :  B e r k e le y ,  U. C alif .  ,
M .S .  T h e s i s .
R o g e r s ,  A n d re a ,  1965, P r o j e c t e d  P o p u la t io n  G ro w th  in C a l i ­
f o r n ia  R eg io n s :  1960-1980 : B e r k e le y ,  In s t ,  of U rb a n
and R eg io n a l  D ev e l .
138
S a m p s o n ,  A r t h u r  W. , 1944, P la n t  S u c c e s s io n  on B u rn e d
C h a p a r r a l  L an d s  in  N o r th e r n  C a l i fo rn ia :  B e r k e le y ,  Ag.
E xp . S ta .  , B u ll .  685.
__________ and J e s p e r s o n ,  B e r y l  S. , 1963, C a l i fo rn ia  R ange
B r u s h la n d s  and  B ro w se  P la n t s :  B e r k e le y ,  Ag. E xp .
Sta . , E x t .  S e r .  , M an. 33.
S a u e r ,  C a r l  O. , 1956, The A gency  of M an on E a r th :  C h icago ,
M a n 's  R o le  in  C hanging  the F a c e  of the  E a r th ,  U. C h i­
cago  P r e s s ,  pp. 4 6 -6 9 .
S han tz , H. L. , 1947, The U se  of F i r e  As A T ool in  the  M a n ­
a g e m e n t  of the  B r u s h  R an g es  of C a l i fo rn ia :  S a c r a m e n to ,
C a l if .  D iv . F o r .
S te w a r t ,  O m e r  C. , 1951, B u rn in g  a n d  N a tu r a l  V e g e ta t io n  in  
the  U nited  S ta te s :  G eog . R ev . , Vol. 51, No. 2, pp.
3 1 7 -320 .
S o u th e rn  P a c i f i c  Co. , 1964, M in e r a l s  f o r  In d u s t ry ,  N o r th e r n  
C a l i fo rn ia  - S u m m a r y  of G e o lo g ic a l  S u rv ey  1955-1961:
P a lo  A lto ,  Vol. 2.
S t r e e t ,  J a m e s  E .  , 1949, S u rv iv a l  of B r u s h  S eed lin g s  on C a l i ­
f o r n ia  G a m e  R a n g e s :  B e r k e le y ,  U. C a l if .  M .S .  T h e s i s .
Swift, L loyd W. , 1930, F a c t o r s  In f lu en c in g  the S u c c e s s io n  
of B r u s h  and  G r a s s  C o m m u n it ie s  in  a  D e l im ite d  H a b ita t :  
B e r k e le y ,  U. C a l if .  , M .S .  T h e s i s .
The M endoc ino  N a t io n a l  F o r e s t ,  no d a te ,  A d m . F i l e :  W illow s,
C a l i fo rn ia .
T r e w a r th a ,  G len n  T. , 1954, An I n t r o d u c t io n  to C l im a te ;  New 
Y ork , M c G ra w -H i l l  Book Co. , Inc . , 3 rd  ed.
U. S .  F o r e s t  S e r v ic e ,  1958, The G r in d s to n e  C anyon  C h a m ise  
C o n v e r s io n  P r o j e c t :  W ash ing ton , G ovt. P r i n t .  Off.
U. S.  D ept. A g r i c u l t u r e ,  1956, M en d o c in o  N at. F o r .  : San
F r a n c i s c o ,  C la s s  A, F o r .  S e r .  M ap .
__________ 1 9 6 8 - ,  So il S u rv ey  of C o lu sa  C ounty , C a l i fo rn ia :
W ash ing ton , U. C alif .  , Ag. E x p .  S ta .
139
  1968^, Soil S u rvey  of Glenn County, C a l i fo rn ia ;
W ash ing ton , U. C alif .  , Ag. Exp. Sta.
  1967 , Soil S u rv ey  of T e h a m a  C ounty , C a l i fo rn ia :
W ash ing ton , U. C alif .  , Ag. Exp. S ta.
U. S.  D ept. I n t e r io r ,  1952, Anthony P e a k  Q u a d ran g le  (C a l i ­
fo rn ia ) :  D e n v e r ,  U .S .  C. S. , Topog. M ap, 15 m in u te  
S e r i e s .
__________196?a^, H a ll  R idge Q u ad ran g le  (C a l ifo rn ia ) :  D en v e r ,
U. S. C. S. , Topog. M ap, 7. 5 m in u te  S e r i e s .
  1967{j , P a s k e n ta  Q u ad ran g le  (C a l i fo rn ia ) :  D e n v e r ,
U. S. C. S. , Topog. M ap, 7 .5  m in u te  S e r i e s .
W ein b e rg ,  G e o rg e  H. and S c h u m a k e r ,  John  A. , 1962, An 
In tu i t iv e  A p p ro ach :  B e lm o n t ,  W ad sw o rth  P u b .  , Inc.
W en tw orth , C. K. , 1930, A S im p lif ie d  M ethod of D e te rm in in g  
the  A v e ra g e  Slope of L and  S u r fa c e s :  A m . J o u r .  Sci. ,
S e r .  5, Vol. 20, pp. 184-194 .
W hitlock , F r e d ,  1970, P e r s o n a l  In te rv ie w , D ec . 17: P a s ­
k e n ta ,  C a l i fo rn ia .
W h it ta k e r ,  R. H. , I960 , V e g e ta t io n  of the  S isk iy o u  M o u n ta in s ,  
O re g o n  and  C a l i fo rn ia :  E c o l .  M on. , Vol. 30, pp. 279-
338.
W ie s la n d e r ,  A. E .  and  G le aso n ,  C la rk  H. , 1954, M a jo r  B r u s h -  
la n d  A r e a s  of the C o a s t  R an g es  and  S i e r r a - C as  cade  F o o t ­
h i l l s  in  C a l i fo rn ia :  B e r k e le y ,  C a l if .  , U. S. D. A. , F o r .
R ange E x p . S ta . , M isc .  P a p e r ,  No. 15.
W il l is ,  C a r  C h a r le s ,  1962, The G eology of the  E a s t  C e n t r a l  
P o r t i o n  of the  P a s k e n ta  Q u a d ra n g le ,  T e h a m a  County, 
C a l i fo rn ia :  B e r k e le y ,  U. C alif .  , M .S . T h e s i s .
Woolf oik , E .  J . , 1959 , Im p ro v in g  C a l i f o r n ia 's  D e e r  R anges
to M ee t  I n c re a s in g  D em an d s  fo r  H unting: San  F r a n c i s c o ,
P r o c .  Soc. A m . F o r e s t e r s ,  p. 170.
Z inke, P a u l  J . , 1961, P h y s ic a l  and  B io lo g ic a l  A s p e c ts  of
C h a p a r r a l  M an ag em en t:  B e r k e le y ,  M an, F i r e ,  and C h ap ­
a r r a l  - A C o n fe re n ce  on S o u th e rn  C a l i fo rn ia  W ildland R e ­
s e a r c h  P r o b le m s ,  W ild land  R es .  C t r .  , Ag. E xp . S ta . , 
p p .  2 1 -2 5 .
FIGURE 4
THE MENDOCINO CHAPARRAL
p ^ G L l N  RIDGE
LOffc
P asken ta
'  (ZOZSia)
'V GootHiU 
18969 
(ISZZm.)
Chrome
soit
N o t '
Elk /Creek
RlO'
' î  Goal Hi! 
18 9 6 9  
(1322m.)
lewvllle
Chrome
SoH
Elk /Creek
OPEN
StonyfordSao w Mountain
7 0 9 6  v * \
L E G E N D
Boundary -  Mendocino National Forest
Summit * C oatt Range Mountain*
\
Chrome
Nor'
Elk/Creek
Mo,
OPEN ff/OG]
StonyfordSiMw Mountain
L E G E N D
Boundary -  Mandocino National F o rn t
V  ^  S u m m it-C o atr Range Mountains
Scale
5  Miles
Source-U .S .F o rest Service 1956
